Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




William Collins, Sons, & Co.'s Educational Works. 

QLLINS' ELEMENTARY AND ADVANCED SCIENCE SERIES, 

ipted to the requirements of the South Kensimgton Syllabus^ for Students in 
Science and Art Classes, and Higher and Middle Class Schools, 

ELEMENTARY SERIES, 

Printed uniformly in Fcap, %'vo, fully Illtatrated, cloth lettered, price is, each Vol. 

I. PRACTICAL PLANE & SOLID GEOMETRY. By H. Angel, 

Islington Science School, London. 
». MACHINE CONSTRUCTION AND DRAWING. By E. Tomkins, 

Queen's College, Liverpool. 2 VoIp. 
3A BUILDING CONSTRUCTION— Stone, Brick, and Slate Work. 

By R. S. Bum, C.E., Manchester. 2 Vols. 
3B BUILDING CONSTRUCTION— Timber and Iron Work. By R. 

S. Burn, C.E., Manchester. 2 Vols. 

4. NAVAL ARCHITECTURE— Shipbuilding and Laying orr. By 

S. J. P. Thearle, F. R.S.N. A., London. 

5. PURE MATHEMATICS. By Lewis Sergeant, B. A., (Camb.,) London. 

6. THEORETICAL MECHANICS. By William Rossiter, . F.R.A.S., 

F.C.S., London. 

7. APPLIED MECHANICS. By WilUam Rossiter, F.R.A.S., London. 

8. ACOUSTICS, LIGHT AND HEAT. By William Lees, A.M., 

Lecturer on Physics, Edinburgh. 

9. MAGNETISM AND ELECTRICITY. By John Angell, Senior Science 

Master, Grammar School, Manchester. 

0. INORGANIC CHEMISTRY. By Dr. W. B. Kcmshcad, F.R.A.S., 

Dulwich College, London. 

1. ORGANIC CHEMISTRY. By W. MarshaU Watts, D.Sc, (Lond.,) 

Grammar School, Giggleswick. 

2. GEOLOGY. By W. S. Davis, LL.D., Derby. 

3. MINERALOGY. By J. H. Collins, F.G.S., Royal CornwaU Poly- 

technic Society, Falmouth. 

4. ANIMAL PHYSIOLOGY. By John Angell, Senior Science Master, 

Grammar School, Manchester. 

5. ZOOLOGY. By M. Harbison, Head-Master Model Schools, Newtonards. 

6. VEGETABLE ANATOMY AND PHYSIOLOGY. By J. H. 

Balfour, M.D., Edinburgh University. 

7. SYSTEMATIC AND ECONOMIC BOTANY. By J. H. Balfour, 

M.D., Edinburgh University. 
9. METALLURGY. By John Mayer, F.C.S., Glasgow, 
ao. NAVIGATION. By Henry Evers, LL.D., Plymouth. 
21. NAUTICAL ASTRONOMY. By Henry Evers, LL.D. 
22aSTEA^M AND THE STEAM ENGINE— Land and Marine. By 

Henry Evers, LL.D., Plymouth. 
22B STEAM AND STEAM ENGINE— Locomotive. By Henry Evers, 

LL.D., Plymouth. 

23. PHYSICAL GEOGRAPHY. By John 

24. PRACTICAL CHEMISTRY. By Johi 

25. ASTRONOMY. By J. J. Plummer, O 




JOrondon, JSdinburgh, and Harriot \ 



William Collins, Sons, & Ca's Bduoational Works. 

ADVANCED SCIENCE SERIES, 

AdafUd to tht refuirements of the Soutk Kensington Syllabus, fir Studentt in 

Science and Art Classes, and Higher and middle Class Schools, 
In the Press, and in Preparation, Posi 8v6, fuUy lUusirated, eloih 

lettered, price fSs. 6d. each volume, 
z. PRACTICAL PLANE AND SOLID GEOMETRY. By Professor 
£. A. Bradley, London. 

2. MACHINE CONSTRUCTION AND DRAWING. By £. Tomkins, 

Queen*B College^ Liverpool. 2 Yols. 

3. BUILDING CONSTRUCTION. By R. Scott Bum, C.E. 

^ NAVAL ARCHITECTURE--SHIPBUILDING and Latino off. By 
S. J. P. Thearle, F. R.S.N. A., London. 

5. PURE MATHEMATICS. By Edward Atkins, B.Sc., (Lond.,) 
Leicester. 

•6. THEORETICAL MECHANICS. By P. Guthrie Tait, Professor of 
Natural Philosophy, Edinburgh. 

7. APPLIED MECHANICS. By Professor O. Reynolds, Owens College, 

Manchester. 

8. ACOUSTICS, UGHT AND HEAT. By W. S. Davis, LL.D., 

Derby. 

9. MAGNETISM AND ELECTRIdTV. By F. Guthrie, B. A, Ph.D., 

Royal School of Mines, London. 

10. INORGANIC CHEMISTRY. By T. E. Thorpe, Ph.D., F.R.S.E., 

Professor of Chemistry, Andersonian University, Glasgow. 2 V olg. 

11. ORGANIC CHEMISTRY. By James Dewar, F.R.S.E., F.CS., 

Lecturer on Chemistry, Edinburgh. 

12. GEOLOGY. By John Young, M.D., Professor of Natural History, 

Glasgow University. 

14. ANIMAL PHYSIOLOGY. By J. Cleland, M.D., F.R.S., Professor 

of Anatomy and Physiology, Galway. 

15. ZOOLOGY. By E. Ray Lankester, M.A., (Ozon.,) London. 

16. VEGETABLE ANATOMY AND PHYSIOLOGY. By J. FT. 

Balfour, M.D., Edinburgh University. 

17. SYSTEMATIC AND ECONOMIC BOTANY. By J. H. Balfour, 

M.D., Edinburgh University. 

19. METALLURGY. By W. H. Greenwood, A.R.S.M. 2 Vols. 

ao. NAVIGATION. By Henry Evers, LL.D., Professor of Applied 
Mechanics, Plymouth. 

ai. NAUTICAL ASTRONOMY. By Henry Evens, LL.D., Plymouth. 

a2. STEAM AND THE STEAM ENGINE— Land, Marine, and 
Locomotive. By Henry Evers, LL.D., Plymouth. 

23. PHVSICAL GEOGRAPHY. By John Young, M.D., Pxafee»x ^1 
Natural History, Glasgow Univctaty. 

liondon, Bdinhurgh, and Herrlot HSW. "Wot^u^, Qc'V^va^Q^j^ 



■f 



CoUine* CEInntntos Sdtftct Sniu. 



ORGANIC CHEMISTRY: 



ADAPTED FOR STUDENTS 



ELEUENTiST CLASSES OF THE 8CIEHCB AHD ABT D8PJBTMSIIT 
SOUTH KENSINOION. 



W. MA31SHALL WATTS, D.Sa, F.O.a, 
Thtoiul Bomrci Hum a te> Oioouawiai QRUuua Bohim 






LONDON AND GLASGOW: 

WILLIAM COLLINS, SONS, & COMPANT. 

1873. 



/ '^ 



P E E F A C E. 
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Department, will show that certain subjects treated of 
in the following pages, are not required at the exam- 
inations of the Department for the Elementary Stage. 
These extra subjects are contained in the following 
Sections :— §§ 2, 3, 25 to 29, 40 to 42, 60, 69 to 70, 76 
to 78, 89 to 134. 
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SUBJECT XI.-ORGANIC CHEMISTRY. 
Elsuentabt Coubse. 

Pupils presenting themselves for examination will be expected 
to possess a knowledge of the following subjects : — 

Definition of organic bodies; their ultimate analysis (§ 1). 
Calculation of empirical formulsB. Compound organic radicals. 
Notation of organic compoxmds (§ 4). Graphic and symbolic 
formulae (§ 4). 

OBGANIG BABICALS.— Positive radicals. Preparation and pro- 
perties of the monad radicals of the methyl series (§§ 5 — 12). 
Monad radicals of the vinyl and phenyl series (§§ 13 — 15). 

Dyad positive radicals of the ethylene series (§§ 16 — 21). Pre- 
paration and properties of ethylene (§ 16). 

Negative radicals. Cyanogen (§ 22). Oxatyl (§ 23). Oxalic 
acid, its preparation and properties (§ 24). 

HTDBIDES OF THE OBGANIG BADIGALS (§§ 30— 36).— Methylio 
hydride or marsh gas (§ 30). Paraffin (§§ 37, 38). Benzol (§ 39). 
Cj'^anic hydride or hydrocyanic acid (§§ 43 — 45). Oxatylio 
hydride or formic acid (§ 46). 

THE ALCOHOLS.— Definition of an alcohol (§ 47). Methylio 
alcohol (§ 48). Ethylic or common alcohol (§ 49). Phenylio 
alcohol or carbolic acid (§ 51). 

THE ETHEBS.— Definition (§ 52). Preparation and properties 
of ethylic ether (§ 53). 

THE HALOID ETHEBS (§§ 54— 61).— Their constitution. Pre- 
paration and properties of ethylic chloride (,%5Q\ «sl^v^^^ ^^:^« 
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ORGANIC CHEMISTRY. 



The compounds of carbon with other elements, and in 
particular with hydrogen and oxygen, are so numerous 
that it is most convenient to make their study a special 
branch of Chemistry — Organic Chemistry. It is princi- 
pally as a matter of convenience that these compounds 
are studied separately ; it is veiy difficult to precisely 
define Organic Chemistry. The name indicates the idea 
formerly entertained that these substances could only bo 
produced in living organisms ; and Organic Chemistry was 
accordingly defined as the study of the products of animal 
and vegetable life. It Was supposed that these substances 
could only be produced under the influence of a special 
" vital force." Now, while it is quite true that, in con- 
sequence of our ignorance of the processes which go on 
iu the bodies of plants and animals — most organic sub- 
stances are only obtained, directly or indirectly, from 
plants or animals — the possibility of ai*tificially producing 
an organic substance has long been demonstrated, and 
we are slowly but steadily increasing the list of organic 
substances which have been produced artificially from 
their elements. The first organic substance which was 
obtained artificially was Urea, a substance occurring iu 
the urine of animals. Urea contains CH4N2O, and thus 
contains the sams elements as ammonium cyanate. 

If nitrogen gas is passed over a mixture of charcoal 
and potassium carbonate at a bright red heat, potassium 
cyanide is formed ; and if potassium cyanide is fused in 
a crucible with lead oxide, it takes up oxygen and is con- 
verted into potassium cyanate. A^am, ^uXOLXJxom^ i»ifljv\5Rk 
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formed by the direct combination of nitrogen and hydro- 
gen. If, now, ammonium sulphate be mixed with potas- 
siuDi cyanate, the mixture dissolved in water, the 
solution evaporated to dryness and exhausted with 
alcohol, then the alcohol on evaporation leaves Urea, the 
following decomposition taking place : — 

2KCN0 + (NHJ2SO4 = KoSO^ + 2CH^N20. 
Potassium cyanate. Urea. 

A second definition which has been proposed is, that 
Organic Chemistry is the Chemistry of Compound 
Radicals. A compound radical is a group of elements 
supposed to exist in each of the compounds of a series, 
and which is not itself easily decomposed in the various 
chemical changes which these compounds suffer. Thus, 
from alcohol, CgHgO, are obtained the following com- 
pounds : — ether, C4H10O ; hydrochloric ether, CgHgCl ; 
sulphuric ether, C4H10SO4 ; nitric ether, CgHgNOs ; hydro- 
sulphuric ether, C4H10S; mercaptan, CgllgS; silicic 
other, C4HioSi03. Each of these formulae contains the 
group C2H5, and in all the chemical changes by which 
these different substances are obtained 'from alcohol, this 
gi'oup reiiiains undecomposed. It is therefore a Com- 
pound Radical, and has received the name Ethyl. If wo 
write the symbol E for CgHj the connection of the 
different compounds with each other becomes plainer, 
and their parallelism with the salts of a metal such as 
potassium is evident. Thus, 

Alcohol, EHO corresponding to KHO Potassium Hydroxide. 

Ether, E^O ,, K2O Potassium Oxide. 

Hydrochloric 

Ether, EQ „ KCl Potassium Chloride. 

Sulphuric 

Ether, EaSO^ ,, K„S04 Potassium Sulphate. 

Nitric Ether, ENO3 » KNO3 Potassium Nitrate. 

Hydrosulphuric 

Ether, EgS ,, Kg S Potassium Sulphide. 

Mercaptan,.. EHS ,, KHS Potassium Hydrosul- 

phidc. 
SUJcJc Ether, E^SiOa „ K^SiO;, Potassium SiUcate. 
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This definition is, however, also incomplete ; for, while 
it is in Organic Chemistry that we have principally to do 
with compound radicals, yet in inorganic compounds also 
we consider compound radicals to exist. For example, 
the compound radical SO2 in the sulphates, NO3 in the 
nitrates, and so on. 

The best definition which has been proposed is that 
which makes Organic Chemistry the study of the carbon 
compounds. The only objection to this is, that it is 
somewhat too extensive, and includes cai^bon monoxide, 
carbon dioxide, and a few other substances which are 
always regarded as inorganic. 

There is thus no absolute chamcter which distinguishes 
an organic substance from an inorganic substance. All 
organic substances contain carbon. Some contain only 
carbon and hydrogen; the vast majority contain carbon, 
hydrogen, and oxygen; and a smaller number contain 
carbon, hydrogen, oxygen, and nitrogen ; sulphur, phos- 
phorus, chlorine, iodine, bromine, boron, silicon, and the 
metals are occasional constituents of organic compoimds. 

Organic compounds are, as a rule, more complicated 
than inorganic substances, though some few have very 
simple formulae. For example — 

Hydrocyanic acid contains CHN. 
Stearin „ „ CsyHnoOo. 

Albumen „ „ CyaHnaNisSOaa. 

1. Analysis of Organic Substances.— By the proximate 

analysis of an organic substance is meant its separation 
into the difierent substances which it contains. Ultimate 
analysis means the splitting up of these substances into 
theii' elements. 

Thus, by a systematic proccfc;s of distillation, petroleum 
is found to be a mixture of various hydrocarbons. These 
hydrocarbons, which have thus been separated by the 
proximate analysis, are shown by ultiwvod,^ ^TiSs^N^ss^» \k> 
have the formuloi CqHj^, ^7^m <^^*- 

The method of ultimate analysis \^, Vv\>o^ ^\'^>''^ 
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modifications, the same for all organic substances 
whatever. It consists in burning completely a known 
weight of the substance, and ascertaining the weight of 
carbon dioxide and water produced. "We obtain thus 
sufficient data if the substance contain only carbon and 
hydrogen, or only carbon, hydrogen, and oxygen ; if the 
substance contain also niti'ogen, chlorine, or other 
elements, these must be determined in separate experi- 
ments by special methods. 

The organic substance may be burnt in a current of 
oxygen, but more commonly the combustion is effected 
by heating it together with copper oxide, which readily 
gives up its oxygen to the organic substance. We will 
suppose that the substance to be analyzed is a solid 
containing carbon, hydrogen, and oxygen — sugar, for 
example. As copper oxide absorbs moisture from the 
air, it is necessary that the oxide to be used should be 
heated strongly before the experiment. It is then trans- 
ferred hot to a narrow-mouthed flask, which is immediately 
corked, so that the oxide cools out of contact with air. 
A hard glass tube, called a combustion tube, about 600 
m.m. long, open at one end, and drawn out at the other 
to a fine point, is employed. Into this is introduced 
enough copper oxide to fill about 150 m.m. of the tube, 
and then about 0*3 gr. of the sugar to be analyzed. The 
sugar is weighed in a little glass tube, from which about 
this quantity is shaken out into the combustion tube. 
The tube is then weighed again, and the loss in weight of 
course gives the weight of sugar taken. The sugar is 
then thoroughly mixed with the oxide in the tube, by 
raking them up together with a wire, and the tube is 
then filled up with oxide. 

The apparatus for collectiug the water (a, Sig. 1), a 
tube filled with calcium chloride, which has just been 
weighed, is then fitted to the combustion tube, by means 
of a good and dry cork, and then to this is attached by 
india-rubber tubing the apparatus for absorbing the carbon 
dioxide produced. This, which has also been weighed 
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just before the experiment, is shown in b, fig. 1 (Lie- 
big's bulbs), and contains a solution of caustic potash. 
The combustion tube is then placed in a gas or chai'coal 
furnace, so that it can be heated to redness, and the cal- 
cium chloride tube and potash bulbs are supported out- 
side the furnace, so that they are shielded from the heat. 






Fig. 1. 
The front part of the tube containing the copper-oxide 
alone is firat heated to redness, and then the rest of the 
tube is very gradually heated, commencing from behind. 
As soon as the part of the tube containing the mixture 
sugar and copper oxide gets hot, the sugar begins to 
bum, producing water and carbon dioxide, and these gases 
come off and are absorbed, — the water in the calcium 
chloride tube, and the carbon dioxide in the potash bulbs. 
When the sugar taken has been completely burned, and 
no more gas comes off, the point of the tub^ ia \iXQtecw <^ 
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and dry air drawn tlirongh the tnbe, so as to sweep the 
List portions of carbon dioxide and water on into the 
absolving apparatus. Then the drying tube and bulbs 
are detached and weighed again ; die increase in weight 
of the calcium chloride tube gives the weight of water 
formed, and the increase of the potash bulbs the weight 
of carbon dioxide formed. 

If the substance to be analj-zed is a liquid, it is 
weighed in a little glass bulb, which is dropped into the 
combustion tube, after the first small quantity of copper 
oxide has been introduced. If the substance contains 
nitrogen, some copper turnings are placed in the front 
portion of the tube to decompose any nitrogen trioxide, 
or nitrogen tetroxide which might be found, and which 
would be absorbed by the potash, thus giving too high 
a result for the quantity of carbon. 

An example will best explain the mode of calculating 
the percentage composition, and formula of the sub- 
stance from the results so obtained. In an analysis of 
benzoic acid the following numbers were obtained : — 

GraniT. 

Substance taken, 0'365 

Potash bulbs before the combustion, 77 * 3850 

„ „ after „ „ 78* 2797 

Carbon dioxide, 0*8947 

Calcium tube before the combustion, 22 * 4360 

„ „ after „ ' „ 22-6962 

Water, 0- 1602 



The formula of carbon dioxide, COo, shows that 44 grs. 
contain 12 grs. carbon; or 11 grs. carbon dioxide contain 
3 grs. carbon. The weight of carbon contained in the 
substance is therefore VV x 0*8947 = 0*2440 gr. In like 
manner the weight of hydrogen is J x 0*1602 gr. = 
0178 gr. Since benzoic acid contains only carbon, 
liydrogen, and oxygon, the difference between 0*355 and 
0'2618 gr. (= 0-2440 + 0-0198) is the oxygen contained 
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in the weight of benzoic acid taken. Hence the composi- 
tion of the substance is — 

Carbon, 02440 

Hydrogen, 00178 

Oxygen, 00932 

Benzoic acid, 0'3550 

The next thing is to calculate the weight of each cle- 
ment contained in 100 grs. of the substance. We havo 
thus the three proportions — 

0*3550 : 100 : : 0*2440 : percentage of carbon. 
0-3550 : 100 : : 0*0178 : percentage of hydrogen. 
0*3550 J 100 : : 0*0938 : percentage of oxygen. 

We thus obtain — 

Carbon, 68*74 

Hydrogen, 501 

Oxygen, 26*25 

100 00 

We next divide these numbers by the atomic weights 
of the respective elements — 

68*74 , „„, 5*01 ^ ^, 26*25 , ^, 
-j2- = 5-731, -Y = ^'^l' "16" = ^'^• 

We next find the simplest whole numbers in the same 
proportion as their quotients, and we observe that 1*64 
divided into 5*01 gives as quotient nearly 3 ; and that 
1*64 divided into 5*73 gives nearly 3 J. Hence the 
formula is probably CyHgOo. 

It is indispensable, however, to check this result by 
comparing the percentage composition calculated from 
this formula with the percentage composition found by 
our analysis. Making this comparison, we have — 

Found. Calculated. 

Carbon, 68*74 68*86 

Hydrogen 501 4*91 

Oxygen, 26*25 2623 

100*00 V3I^*^ 



16 ORGANIC CHEMISTBT. 

The diflTorences are not greater than those usually ob- 
tained in consequence of experimental errors. It is very 
difficult to bum the cai'bon completely without losing 
some carbon dioxide ; and, again, it is scarcely possible 
to obtain the copper oxide absolutely dry. The percent- 
age of carbon is thus always slightly less than it should 
be, and the percentage of hydrogen slightly greater ; and 
the numbers calculated from the formula CyHjO, agree 
sufficiently well with the numbers found by experiment. 

There are two different methods of determining the 
quantity of nitrogen in an organic substance. The first 
of these depends upon the fact that most organic sub- 
stances which contain nitrogen give it off as ammonia^ 
when they are heated with an alkaJi. If, for example, a 
little albumen be heated in a test-tube with caustic potash, 
the smell of ammonia will easily be recognized. In order 
to determine the nitrogen by this method a weighed por- 
tion of the substance is mixed in a short combustion 
tube with a mixture of caustic soda and lime, known as 
Soda-lime. The ammonia which comes off is collected in 
a glass bulb of peculiar shape, which is fitted to the com- 
bustion tube by means of a good cork, and which con- 
tains hydrochloric acid. The ammonium chloride fonned 
is precipitated with platinum chloride, and the precipi- 
tate, PtCl42NH4Cl, collected and weighed. Or tiie 
precipitate may be heated to redness, and the platinum 
thus obtained weighed, and the process may then be 
used with substances which, instead of ammonia, give 
off organic bases — such as ethylamine. The formula of 
the precipitate would in this case be PtCl42NH8C2H5Cl. 
But in each case 197*2 grs. platinum correspond to 28 of 
nitrogen. 

The second method of determining nitrogen must be 
employed with some substances which contain nitrogen 
oxide, and do not give off the whole of the nitrogen in 
the form of ammonia. In this case a weighed quantity 
of the substance is burned in a combustion tube with 
copper oxide, and the front part oi ttie tu\3e ^a ti!i!LQQi^SJQcL 
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copper turnings, in order to insure that no nitrogen 
oxides come off. The nitrogen is then obtained in the 
free state, and collected and measured. From the 
volume we can of course easily calculate the weight of 
the nitrogen. 

In every case the presence of nitrogen in a substance 
may be detected by heating the substance in a test-tube 
with a fragment of potassium. When cold, water is 
added, and a drop of ferrous sulphate, and the solution 
boiled. If, then, on adding excess of hydrochloric acid, a 
precipitate of Prussian blue is obtained, the presence of 
nitrogen is demonstrated. 

Chlorine, bromine, and iodine are determined by heat- 
ing the substance with caustic lime, dissolvin£^ the mass 
in^tric acid, adding silver nitrate, and^hing the 
precipitated silver chloride, bromide, or iodide. Phos- 
phorus and sulphur are determined by heating the sub- 
stance with a mixture of sodium carbonate and potassium 
nitrate, by which these elements are obtained as sulphate 
and phosphate, and are determined by the ordinary 
methods employed in inorganic analysis. 

2. Determination of the Rational Formula of an 
Organic Substance. — ^The ultimate analysis of an or- 
ganic substance gives us only its empirical /ormulu, but 
gives us no information as to the rational formula. 

The analysis of ascetic a>cid, for example, shows us 
that its composition is that expressed by the formula 
CHgO. But whether its true formula is CHjO, or 
C2H40a, or CjHeOj, or any other multiple of the first, can 
only be decided by further experiments, which determine 
its molecular weight. One of the most generally appli- 
cable methods of determining this point is to ascertain 
the specific gravity of the substance in the state of vapour. 
It is true of organic substances as of inorganic, that in 
the gaseous state their molecules occupy the sam^f^vol- 
time — viz., that occupied by HH ; and tloka -^^i^^^s 
density of a compound, referred to liydro^en «& ^x!e^^^>^2^ 
expressed bj- half its molecular -we^lat. li> i"Qnc «xsKW^fe> 
He ji 



the foimula of acetic acid be CH,0, then this weight — 
tIz., 30, occupies the same volume as 2 of hjdrogea, or 
acetic add vapour must be 16 times heavier than 
hjdrogen. If, however, it be found by experiment (as 
is the case) that acetic acid vapour is 30 times heavi^ 
than hydrogen, it will follow that the true formula is 

There are two principal methods of determining tlie 
specific gravity of a vapour — the methods of Dumas 
and of Gay-Lussac. In the first we determine the 
weight of a certain volume of the vapour ; in the second 
we determine the volume of a certain weight of the sub- 
stance when in the state of vapour. 
3. Dnmas' Uethod of Deter- 
mining Vapour. Densities. — A 
glass globe of from 020 to 600 cc 
capacity is employed, the neck of 
which is drawn out to a point, as 
ahowQ in the figure. The weight 
of this is ascertained, and a suf- 
ficient quantity of the liquid to 
be experimented on is introduced. 
The globe is then fixed in ita 
place, and plunged into a bath 
of oil heated to a temperature 
some 30° or 40° above the boiling 
point of the liquid, so that only 
the fine point remains above the 
oil. The temperature of the bath 
is observed by means of the 
thermometer held by the other 
clamp. 
The liquid then enters into ebullition, and a rapid 
stream of vapour issues from the bulb, completely ex- 
pelling the air. At the moment that the rush of vapour 
ceases the point of the globe is melted together with the 
Uow-pipe; and the temperature of the bath, and the 
height of the barometer are observed. The globe is 




Fig. 2.' 
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then removed from the bath, cleaned, and weighed again ; 

the temperature in the balance case, and the height of 

the barometer being observed at this second weighing. 

Then the point of the globe is broken under mercury, 

and the weight or volume of the mercury which fills the 

globe determined, so as to ascertain the volume of the 

globe. 

The method of calculation will be best explained by an 

example in which certain minor corrections (for expansion 

of glass, &c,,) are omitted. 

Detebmination or Vapour DENsrry or Acetic Acid. 

Weight of baUoon and air, 22 8043 grs. 

Weight of balloon filled with vapour, 22 -9223 grs. 

Temperature at weighing, 15° C. 

Barometer at weighmg, 750 m.m. 

Temperature of bath, 150° C. 

Barometer at time of sealing, 755 m.m. 

Volume of balloon, 230 c.c. 

The weight of the balloon, at the first weighing, is 
almost exactly the weight in vcumo of the glass of the 
balloon. But at the second weighing, in order to obtain 
the weight in vacuo of the balloon and vapour, we must 
add to the weight obtained the weight of the air dis- 
placed. This is very nearly the weight of 230 c.c. of air 
at W 0. and 750 m.m. Now, 230 c.c. air at 15'' 0. and 
750 m.m. become at 0^ 0. and 750 m.m. 

230 X 273 X 750^ oik.ik . 

— — ^-rrrr Or 215*15 CO.] 

288 X 760 ' 

and since one litre of air at standard pressure and tem- 
perature weighs 1*2936 gr., the weight of this air is 
215-15 X 0-0012936 gr., or 0*2783 gr. The weight of 
the vapour contained in the globe is then 22*9223 grs. 
+ 0*2783 gr. - 22*8043 grs. or 0*3963 grs. We next 
i-equire to know the weight of the same volume of 
hydrogen, measured under the same circumstances. 

Now, 230 C.C. gas at 150° C. and 755 m.m. becomes at 

0^ a and 760 m.m. ^^^.l^^^^^L^^^ or 147*46 c.c, 

423 X 760 
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and the volume of hydrogen weighs 147*46 x 0*0000896 
gi-. or 0-01321 gr. 

The specific gravity of the vapour in reference to 

hydrogen is therefore . or 30. 

The method of Gay-Lussac is less frequently employed, 
and only for volatile liquids. A small quantity of the 
liquid is weighed out in a little glass bulb, which is then 
introduced into a graduated glass tube filled with mer- 
cury, and inverted in a trough of mercury. The whole 
apparatus is then heated to the necessary temperature by 
means of a water bath, in which it is immersed, and the 
volume occupied by the vapour determined. 

In the case of an organic substance of acid or basic 
properties, the rational formula may be ascertained by 
the analysis of some one of its salts. To take the same 
example as before — that of acetic acid — the rational 
formula may be obtained by the analysis of silver acetate. 
If a weighed quantity of silver acetate be carefully heated 
in a crucible, it is decomposed, leaving a residue of 
metallic silver. It is found thus that silver acetate con- 
tains 64*68 per cent, of silver. The proportion 64*68 : 
108 : : 35*32 gives us 58*98 for the atomic weight of the 
carbon hydrogen and oxygen contained in silver acetate, 
all taken together. But 108 of silver replace 1 of 
hydrogen. Hence the molecular weight of the acetic acid 
itself is 68*98 + 1, or very nearly 60, the same as found 
before. As a second example, we will take succinic acid. 
Ultimate analysis shows that its composition is that ei&- 
prcssed by the formula C^IIsOa, and it is found that its 
barium salt contains 64*15 per cent, of barium. The 
pro^wrtion 64*15 : 137 : : 45-85 gives us 116 for the mole- 
cular weight of the carbon, hydrogen, and oxygen it con- 
tains. As barium is a diatomic metal, and 137 parts by 
weight therefore replace 2 of hydrogen, it follows that 
the molecular weight of the acid is 118, and its formula 
is therefore C^H^O^. 
A. similar method is available in the case of substaoceB 
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possessed of basic properties. It is found, for example, 
that 0*4560 gr. quiniae absorbs 0*1026 gr. hydrochloric 
acid, forming quinine hydrochlorate. The proportion 
0*1026 ; 36*5 : : 0*4560 gives 162*2 for the molecular 
weight of quinine. The analysis of quinine gives, for 
formula, CioHjaNO, the molecular weight of which is 162; 
and this is, therefore, not only the empirical formula of 
quinine, but also its rational formula. 

The salt selected for analysis in the case of many basic 
substances, which more or less resemble ammonia, is the 
double salt formed by the chloride with platinum 
chloride. These double salts are in most cases insoluble, 
or only sparingly soluble, and can therefore be easily 
obtained pure. They are also easily decomposed by 
simple heating, leaving behind only metallic platinum. 
Ammonium chloride forms with platinum chloride the 
salt PtCl42NH3HCl; and in the corresponding salts the 
organic Imlso simply replaces the NHj. For example, a 
base obtained from coal tar has the empirical foi'mula 
CgHuN. When it is dissolved in hydrochloric acid, and 
platinum chloride is added, a double salt is obtained, 
which, on heating, leaves behind 30*16 per cent, of 
metallic platinum. The proportion 30*16 : 197 :: 100 
gives us 653 for the molecular weight of this double 
salt. If the rational formula of the base be simply 
CgHjiN (and not a multiple of CgHuN), the formula of 
the double salt will be PtCl42C8HnNHCl, and this has 
for molecular weight 652, agreeing with the number just 
found. 

In many cases the rational formula of a substance may 
be inferred from the decompositions which it imdergoes. 
Thus the hydrocarbon obtained by decomposing potassium 
acetate by electricity has the composition represented by the 
formula CHg. On subjecting it to the action of chlorine, 
however, it is found that six different compounds can 
be obtained from it — viz., C2H5CI, C2H4CI2, CaHaCls, 
C3H2CI4, C2HCI5, C2CI5; and, since the hydrogen can be 
displaced at six successive steps, the substance must con- 
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torn Hfl, and not H, only. The formula CjHj is con- 
finrifMl by the determination of the vapour density. 

4. Oarboil; the essential constituent of every organic 
Hulistfirice, is a tetratomic element. By this is meant that 
an iiUnn of carbon is equivalent to, or can take the place 
of four atoms of hydrogen, or of any monatomic element. 
Thus, if we compare the formulae of carbon chloride and 
of hydrogen chloride, viz., CCI4 and HCl (or H4CI4), we 
Hoe that the atom of carbon occupies the places of four 
atoms of monatomic hydrogen. The same fact is seen in 
comparing the formidse of carbon dioxide and water, 
COji and ]raO (or H40a). The atomicity of an element 
is thus ineasurod by the number of atoms of a monatomic 
chnnent it can displace, or with which it can combine. 
ThuH, the formulae of the compounds of chlorine, oxygen, 
nitrogen, and carbon, with hydrogen — CIH, OHg, NH3, 
(Ur4^show at once the atomicities of these elements. 
ThoHo difforencos are denoted in symbolic formula by 
daHhoB and Homan numerals placed at the right of the 
symbol, as 01', 0", N'", 0*"; and in graphicaliormuias, 
by the number of bojids or points of attachment with 

which tlio atom is ropi*esented ; as (ct)- -(o)- g^ -{c)- 

The Bubstanco of which the symbolic foimula is CH4, and 

^iphic foimula H-(^H, is marsh gas. The hydrogen it 

contains can bo displaced by chlorine, yielding compounds 
of carbon with both hydrogen and chlorine ; and experi- 
ment shows tliat this displacement can be ejected by four 
Buccossivo Bte|)s. Thus, by the action of chlorine on 
marsh gas, the following substances have been obtained: — 

CH3CI, or H-©-Cl ; 

H 

CIIjCljs, or H-<C>CL; 
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II 

CHdj, or CL-©-CL; 

CL 

and, lastly, CCI4, or cir(c)-CL- 

CL 

A tetratomio element may sometimes behave as a dia- 
tomic one. Thus, carbon is tetratomic in carbon dioxide, 
but diatomic in carbon monoxide. In this last case two 
of the four bonds of the carbon satisfy each other^ and so 
become latent. 

Carbon dioxide, (sT© @) 

Carbon monoxide, @J©). 

But no atom in any compound existing in the free 
state has any of its bonds unsatisfied. Two atoms of 
carbon may unite together, forming a nucleus which can 
combine with six atoms of hydrogen. So a group com- 
posed of three carbon atoms combines with eight atoms 
of hydrogen, a group of four with teUj and so on. This 
is rendered evident by the following graphical formulae ; — 

H H H H hi H A H |!| ill 

Any one of these compounds, in which all the bonds of 
the carbon atoms are satisfied by union with hydrogen, is 
called a saturated hydrocarbon ; and we find, in practice, 
that these hydrocarbons do not combine with chlorine or 
other elements : but a hydrocarbon in which one or more 
bonds remain imsatisfied is non-saturated ; and we find 
that such non-saturated hydrocarbons do combine readily 
with chlorine, bromine, &c. A group of atoms, in which 
only one bond remains unsatisfied is called a monatomio 
or monad radical ; if two bonds are free, it is diatomic or 
a dyad ; if three, triaiomic, and so on. 
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Thus, for example, we liave 

Saturated hydrocarbon, CsHq. 

Monatomic radical, GgHf. 

Diatomic radical, C3H4. 

Triatomic radical, O^H,. 

Tetratomic radical, C2H3, &c. 

Of these only CjHe, CaH4, CjHa, <fec., can exist in the 
free state. According to the rule just stated, that in no 
compound existing in the free state are there ever any 
bonds unsatisfied, CaHj, C3H3, &c., can only exist in 
combination either with themselves or with some other 
group or element. So that the formulae of the hydro- 
carbons in the free state are 

^«^«' cli; I • ^«^*' &h; t ' ^»^»' *^- 

Let us now return for a moment to the chlorine sub- 

stittUion products of marsh gas whose formulae have 

already been given. They are all saturated compounds ; 

but those containing chlorine may be regarded as the 

chlorides of organic radicals. Thus — 

Saturated hydrocarbon, .... CH4 Marsh gas. 
Chloride of monad radical, CH,C1 Methyl chloride. 
Chloride of dyad radical, .... CH^Cl^ Methylene dichloride. 
Chloride of triad radical,... CHCls Chloroform. 
Chloride of tetrad radical,. CCI4 Carbon tetrachloride. 

In exactly the same way, the action of chlorine on the 
saturated hydrocarbon CsHe yields the compounds 
CH^Cl, C2H4CI2, CaHsClj, CaHaCl4, C2HCI5, and CaCle- 
Similar compoimds can be obtained from the higher 
saturated hydrocarbons CgHg, C4H10, <fec. 

We can then arrange these substances in the following 
series : — 

. Saturated Hydrocarbons. Monad Radicals. Dyad Radicals. 

CH4, Methyl, CH,, Methylene, CH3. 

CjHe Ethyl, C3H5, Ethylene, CaH*. 

C,H„ .* Propyl, CjHr, Propylene, C.He. 

C4H10, Butyl, C4HJ, Butylene, C4H8. 

CftHjg, Amyl, CbH^x, Amylene, C5H10. 

&c. &c. &c. 

Each of these series is termed a hovnohgom aeries. It 
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will be remarl^, thateach term of a homologous series 
differs by CHa from the one before it. The names given 
to the monad and dyad radicals in the preceding table 
are those usually employed. A complete system of 
naming all possible hydrocarbons has been proposed by 
Dr. Hofinann, and is given in the following tables :— 



Saturated. 

Methane, 

CH4. 
Ethane, 

Propane, 

Qnartane, 



Hydrocarbons of Even Atomicity. 
DyadB. Tetrads. Hexads. 

Methane, 

CH3 . — — 

Ethene, 



Octads. 



Propene, 
CjHj. 

Qnartene, 
C4H8. 



Ethine, 
O3U2. 

Propine, 
C3H4. 

Qnartine, 



Propone, 

Quartone, 
C4H4. 

Radicals of Uneven Atomicity. 



Triads. 

Methenyl, 

CH. 
Ethenyl, 

C9H3. 
Propenyl, 

C.H.. ' 



Pentads. 



Heptads. 



Quartiine, 



Enneads. 



Ethinyl, 
C3II. 

Propinyl, 
C3H3. 



Quartenyl, Qnartinyl, 
C4H7. C4H5. 



Proponyl, 

CgH. — 

Quartonyl, Quartunyl. 

C4H3. C4H. 



Monads. 
Methyl, 

CH3. 
Ethyl, 

C3M3. 
Propg, 

Qaar^l, 

The organic radicals, like the elements, are classified 
into Negative or CJdorouSf and into Positive or Basf/Io2i8, 
"When water is decomposed by electricity, the hydrogen 
comes off at the negative pole, and the oxygen at the 
positive. Hence hydrogen is tenned a positive elementy 
and oxygen a negative element In like maimer potassium, 
sodium, silver, and other metals, belong to the i)ositive 
or basylous group; and chlorine, bromine, iodine, and 
sulphur, to the negative or chlorous group. Of organic 
radicals, methyl, ethyl, ethylene, &c., are positive, whilst 
cyanogen, ON, and oxatyl, CO2H, are negative radicals. 

5. Monad Radicals of the Methyl Series. — ^We have 
seen that the hydrocarbons CHg, CgHg, (fee, can only exist 
in combination. Just as the molecule of free hydrogen 
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contains tt f > so the formula of free methyl is ^^ /• j of 



free ethyl, ^^g» } j 



&c. 



It has been shown that these radicals are identical 
with certain members of the series, to be afterwards des- 
scribed, of the hydrides of the organic radicals, thus — 



Methyl, 
Ethyl, 



^r-pyi' cli; 



CH3 
CH3 

C2H5 

CqH. 



Butyl, 



C4H9 
C4H9 



C2H5 



tt 



f> 



1} 



ft 



tt 



>) 



is identical with Ethyl hydride, pr 

Butyl hydride, ^*^» 

Hexyl hydride, ^«|[" 

Octyl hydride, ^^^^^ 

Decatyl hydride, ^1 ga 1 

Dodecatyl hydride, . . ^^ ^^^ » 
Tetradecatyl hydride,^i *^^ » 
Hexadecatyl hydride, ^ ''h* * 



a 



>f 



if 



»i 



y> 



)) 



Amyl, g»|" 
Heptyl, gjg;; 

The above are the only hydrocarbons of this series 
which have been prepared. 

6. Methyl. — Ethyl hydride or ethane. Graphical for- 
mula : 

H H 



H-f i-H. or { CHa; 



H H 

This compound is a gas, without taste or smell, which 
does not dissolve in water, but dissolves in alcohol to 

* This is simply an abbreviated forpi of the first formula. The 

element whose symbol is written first, C) is understood to be 

directly united with all the active bonds of the elements (or 

compound radicals) following on the same line ; and the two 

carbon atoms are understood to be diiecily Muited together. It 
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some extent. It may be prepared by heating together 
methyl iodide and zinc in a closed glass tube. The fol- 
lowing reaction takes place : — 

Zn + 2CH J = Znl, + chI | • 

It will be observed that this reaction is exactly like that 
of zinc on hydrochloric acid : — 

Zn + 2HC1 = Zna, + h I • 

As thus obtained, the gas would be regarded as methyl. 
If we heat zinc together with ethyl iodide and water in a 
closed tube, the following reaction takes place : — 

2C2HJ + 2Zn + Hj,0 = Znla + ZnO + ^«^» | . 

And, as thus obtained, the. gas would be regarded as 
ethyl hydride. We may consider the reaction as taking 
place in two stages : — 

Zn + 2C2H J = Znia + (CaHJ,; 
Zn + HjO = ZnO + H^; 
and then iP^H^)^ + Ha= 2Q^IL^B., 

But this ethyl hydride is in no way different from the 
methyl obtained by the first method. Methyl and ethyl 
hydride are then not merely isomeric (two substances 
which have different properties but the same formida are 
called isomeric, as acetic ether, C2H4O, and ethylene 
oxide, C2H4O), but identical. Another interesting me- 

may be useful to give the formnlse of some well known inorganic 
substances in this abbreviated graphic notation : — 

Water, OHg. 

Potassium hydrate, OKH. 

Nitric acid, IfOaHo. 

Potassium nitrate, XfO^Ko. 

Sulphuric acid, SOgHo,. 

Potassium sulphate, SOgKoj. 

Barium sulphate, SOgBao". 

Barium hydrate, BaHo,. 

Hydrogen potassium carbonate, COHoKo. 

Phojsphoric acid^ .'SQ^'Civ 
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thod of obtaining methyl is by decomposing a solution of 
potassium acetate with the current of electricity from a 
galvanic battery. The formula of potassium acetate is 
KCgHjOj, and it splits up first of all into K and CaHgO^ 
This group, however, decomposes immediately into COj 
and CHs ; and the potassium decomposes water, giving 
off hydrogen. The final result is thus the evolution of 
hydrogen at the one pole, and of carbon dioxide and 
methyl at the other pole. 

Methyl is a little heavier than air. This can easily be 
discovered from the formula CaHg ; for the molecular 
weight being 30, it follows that methyl is 15 times as 
heavy as the same volume of hydrogen. But the specific 
gravity of hydrogen in reference to air as imity is 0*0693, 
and hence the specific gravity of methyl is 15 x 0*0693 
= 1*0395. In the same way the weight of 1 litre of this 
gas at 0° C. and 760 m.m. pressure is 15 x 0*0896 = 1 '344 gr. 

When methyl is mixed with chlorine no action takes 

place in the dark, but in sunlight the two react, producing 

a mixture of substances, which are chlorine substitution 

products of methyl. We obtain thus the following 

series : — 

C2H5CI, 

CaHCl,, 

Corresponding to the series mentioned on p. 22, as 
obtained from marsh gas. 

The first member of this series is ordinary ethyl 
chloride, from which common alcohol has been prepared, 
showing that the so-called methyl is really ethyl hydride. 

7. Ethyl. — Butyl hydride or quartane, (C2H'b)2, or 

CTT^^PTT V is obtained by the action of zinc on ethyl 

iodide — 

2CaH J + Zn = Znl, + (CaH.),. 

The decomposition is effected in strong sealed glass tubes. 
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A strong tube is filled with thin strips of zinc, and drawn 
out at the top before the blowpipe. Ethyl iodide is then 
introduced by heating the tube and cooling it, while the 
open extremity dips below the surface of the liquid. The 
tube is then exhausted by the air-pump, and sealed before 
the blowpipe. The tube is then heated for several hours 
iu an oil bath, first to 100^ C. only, and then to about 
135°. Besides ethyl, there are produced in this process 
ethylene and ethyl hydride. When the tube is cooled in 
a freezing mixtiu^e, and the point then broken off under 
water, gas escapes, which at first is principally ethyl 
hydride and ethylene. The ethyl, being least volatile, 
comes off last, and «is collected in a gas holder. Ethyl is a 
gas which bums with a white luminous flame. It con- 
denses to a liquid at a few degrees below the freezing 
point. It is twice as heavy as air, or 29 times as heavy 
as hydrogen. 

8. Propyl. — Hexyl hydride or sextane, (C8H'7)a or 

iS^>p^-rx'<, is a liquid boiling at 68° C. It occurs, to- 
gether with most of the other radicals of this series, in 
American petroleum. 

9. Butyl, ip^p^^ boils at about 117°. 

10. Amyl, (CbHu)j, boils at about 161°. 

IL Hexyl, (CeHi8)2, at about 198°. 

12. Heptyl, {O^'R^)^, at about 238°. 

It will be noticed that the boiling point rises as we 
pass up the series ; the higher the molecular weight, the 
higher the boiling point. 

This is a general rule to which there are only a few 
exceptions. 

13. Monad Radicals of the Vinyl Series : — 

Vl^yl ti-^5;|<^^ or(ggj^g^psnotknown; 



{ 



H H 



H H 



C H ) 
but vinyl alcohol^ ^-^> O, has been obtained by dis- 
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Bolving acetylene in sulphuric acid, and distilling the 
liquid with water — 

M. Allyl,H<^:^(^^^ or (gg'^jgg»>,isob. 

H H H 1 H H H 

tained by the action of sodium on allyl iodide, 

2C3H,I + 2Na = 2NaI + (CsH,),. 

It is a liquid, of specific gravity 0*684, and boiling at 
69° C, which possesses a strong smell resembling that of 
radishes. 

Allyl forms an alcohol corresponding to vinyl alcohol, 

of which the formula is ^-o-'^fO. 

The group CaHg is thus monatomic, but we see from 
the graphical formulae that two carbon bonds are united 
together. If these were active, CaHg would be a triad, 
as we see by comparing its formula with that of the satur- 
ated hydrocarbon, CsHg. Thus, CgH, is a monad, CsHs a 
dyad, and C3H5 a triad ; and it exists as such in glj^ceHne, 
which is an alcohol formed on the type of three atoms of 

water. Glycerine has the formula 'tx* [ O3, and it is 

from glycerine that allyl iodide is obtained, two bonds of 
carbon becoming latent in the process. Allyl itself com- 
bines* directly with bromine, and takes up four atoms — 
each of the bonds which are latent in allyl taking up one 
atom of bromine, and forming CeHioBr4. Allyl forms a 
series of compounds, of which the following are the most 
important. Some of them exist naturally in certain 
plants, such as garlic, mustard, and horse-radish. 

Allyl alcohol, ^a?^ 

Al/yJ ether, 
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AUyl sulphide ^»2» | S, OilofgarUc. 

Allyl sulphocyanide, ^q^ | S, Oil of mastard. 

15. Monad Radicals of the Phenyl Series : — 

Phenyl, CgHj, is the radical contained in the well- 
known hydrocarbon benzol or henziney which is phenyl 
hydride CeHgH. The radicals of this series have not been 
obtained in the free state. Benzol is the first term of a 
homologous series : — 

Benzol, CeHg. 

Tolnol, CyHg. 

Xylol, CgHjo. 

Oumol, CgHj,. 

Cymol, C10H14. 

These compounds must all be considered as derivatives of 
benzol, in which the carbon atoms are tmited in an alto- 
gether peculiar manner, as shown in the following 

H H 
graphical formula of benzol jfo)^' YcYu> ^ *^** ^^ ^® 

twenty-four bonds which the six carbon atoms have 
amongst them eighteen are used up in uniting the carbon 
atoms together, and only six remain free to combine 
with hydrogen or other elements. The substances in 
which this arrangement obtains constitute the '' aromatic 
series." 

The most important compounds of phenyl are the 
following ; — 

Benzol, '. ^^^ 

Carbolic acid or phenol, H* ^ ^' 

C H 
Aniline, 'r ^^. 

J'Aeny^ acts therefore like a monatomic ft^CiC^'^ 1N^^RS^^ 
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neTerdkekss, there is m marked diffierenoe between its 
beha^~iaar and tluit of the true alccAol-radicaJs, and the 
deiivatiTes of bensol must be considered rather as sabsti- 
tntion pxMiacts derived by replacing one <h: more atoms 
of hydrogen in the original diain bj the monatomic 
groups HO, XH«. &c. In this waj also the homologues 
of benzol are formed, and we hare ocmseqnentl j a large 
number of Uout^ric substances.* 

1& Djad PodtiTe Badictk of the Ethylene 

Series. — The radicalB of this series (also called the 
oi^jiiie series), which have been obtained, are the fol- 
lowing: — 

BoOing Point. 

Ethylene, C.H^. — 

Propiiene, CjH,. — 

Botrlene, C^H,, 3<^. 

Amylene, C»Hi„ 35*> 

Hexylene, C^H^,, 69® 

Heptj'lene, CtH^^, \W^ 

Oc^lene, CsH,„ 125*> 

Decktylene, C^.H,,, 160^ 

Cetene, C^.H,,, 275® 

Cerotene, C,»H,4. — 

Melene, C,«H««. — 

17.Ethylene,orethene,^cO§r or < /ig*, is obtained 

by heating together alcohol and sulphuric acid. The 
equation representing the action is 

CaH^O = C^H^ + HjO. 

• The following hydrocarbons in this series are known : — 
CcHg, BenzoL 
C y H 8 , Methyl-benzol. 
CgHjo, Dimethyl-benzol, and Ethyl-benzol. 
C 9 H 1 a , Trimethyl-benzol, Methyl-ethyl-benzol, and Propyl- 

benzol. 
CioHi4, Tetra-methyl-benzol, Dimethyl-ethyl-benzol, Me- 

tliyl-propyl-benzol, Diethyl-benzol. 
^i\^\9i Amyl-benzol. 
C,aHig, Amyl-tolnol. 
For farther information on this subject the larger mannals most 
be consulted. 
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Alcohol is mixed with three or four times its volume 
of concentrated sulphuric acid. As the mixture has a 
tendency to froth up during the process, a good large 
flask should be taken, and the frothing may be checked 
considerably by half filling the flask with coarse sand. 
The mixture of alcohol and sulphuric acid is made slowly 
in a beaker, and then poured on to the sand, and the 
cork and exit-tube adapted to the flask, which is then 
heated in a sand bath. The gas may be collected over 
water in the ordinary way; but, if it be required pure, it 
must be made to pass through two wash bottles, the first 
containing concentrated sulphuric acid, and the second 
caustic soda. These substances absorb ether, alcohol 
vapour, sulphur dioxide, and carbon dioxide, which come 
off* as impurities. 

Ethylene is a colourless gas, of a peculiar smell. It 
bums in the air with a bright white flame, forming 
cai'bon dioxide and water. If mixed in a soda-water 
bottle with oxygen, it explodes violently when a light is 
put to the mixture. The proportions of ethylene and 
oxygen to be mixed can be foimd from the equation — 

CaH^ + 60 = 2CO2 + 20Ha. 

C2H4 means 28 parts by weight of ethylene, and O 
means 16 parts by weight of oxygen. If we take as 
unit-volume the volume occupied by 1 gr. of hydrogen, 
then O occupies 1 vol., and CaH4 occupies 2 vols. We 
must therefore mix 1 vol. of ethylene with 3 vols, of 
oxygen. 

Ethylene is 14 times heavier than hydrogen, and there- 
fore 14 X 0*0693 or 0*97 times heavier than air; and 1 
litre weighs 14 x 0*0896 or 1*2544 gr. The gas can be 
reduced to a liquid by pressure and cold. A mixture of 
ethylene with twice its volume of chlorine bums when a 
light is put to it, producing a dense cloud of black 
smoke. The chlorine combines with the hydrogen of the 
ethylene, and the carbon is separated according to the 
equation — 

C51H4 + 4a = 4HCI -V- 2G. 
11 ^ 
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If a mixture of ethylene with its own volume of chlorine 
be exposed to daylight, the two gases combine rapidly, 
forming the compound, Cj H4 Clj, ethylene dichloride, or 
Dutch liquid. 

CaH^ +2Cl=C2H4a2. 

The combination goes on less rapidly in the dark. The 
compound C2H4CI2, which was discovered in 1795 by 
some Dutch chemists, is a colourless liquid, smelling like 
chloroform, possessing a specific gravity of 1*271, and 
boiling at 85^0. By treatment with a solution of potas- 
sium hydroxide in alcohol, it yields vinyl chloride^ 
C2H3CI — 

CaH^aa + KHO = KQ + HjO + C2H3CL 

Vinyl chloride combines again with chlorine, forming 
C2H3CI3. 

CaHja + 2Ci = CaH.Cl,. 

And by repeating the treatment with potash and chlorine 
the following compounds have been obtained, with which 
is compared the isomeric series from ethyl-hydride, men- 
tioned on p. 28. 

From Ethylene. From Ethyl hydride. 

Boiling Point. BoQing Point. 

CaH^Cla, 85^ C. CaH^a^, 68^ C. 

CaHsCla, 115" C. C2H3CI3, 75" C. 

CaH^Cl^, 137" C. CaHaCli, 102" C. 

CaHag 154" C. OaHClfi,... 154"C. 

CaCle 182" C. CaCle, 182" C. 

When ethylene is continuously shaken with sulphuric 
acid, it is dissolved, fonning ethyl sulphuric acid 

^H [ SO4, and if this be diluted with water and distilled, 

alcohol is obtained. Thus, alcohol can be reproduced 
from ethylene. 

The ethyl compounds were compared (p. 10) with the 
potassium compounds. In like manner the compounds of 
©thjJene maj be compared with the salts of the diatomic 
metal barium. Thus — 
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Dutch liquid, OsH^Gla . Barium chloride, BaCl a . 

^*o/Sycolf".°^.°^ I C.H.Ho,. Barium hydrate, BaHo,. 

Ethj^ene oxide, C g H ^0. Barium oxide, .. . . BaO. 

Ethylene nitrate, . . . C aH42N03 . Barium nitrate, . . Ba2N0 3 . 

18. Propylene, CsHg, is a gas, much like ethylene, 
obtained by the action of sulphuric acid on propyl 
alcohol. 

19. Butylene, C4H8, is a gas, which condenses to a 
liquid at 3° C. Eiiiyjene, and, in smaller quantity, pro- 
pylene and butylene, are constituents of ordinary coal gas. 

20. Amylene, C5H10, is a colourless, very volatile liquid, 
resembling ether, with a smell resembling apples. It is 
best obtained by distilling amyl alcohol with zinc chloride, 
which, like sulphuric acid, has a very strong aflSnity for 
water — 



^«h"|^ = ^«^ + ^»Hio- 



21. Hexylene, heptylene, octylene, and decatylene 

are obtained by similar methods. Cetene, cerotene, and 
melene are obtained from various kinds of wax. The last 
two are solid bodies. 

22. Cyanogen is a negative or chlorcyus radical, having 
the greatest resemblance in its chemical behaviour to the 
elements chlorine, bromine, and iodine, which, in the 
electrolysis of their salts, are evolved at the positive 
pole, or that connected with the copper or platinum of 
the battery. 

Cyanogen gas is obtained by heating the cyanide of 
silver or of mercury. Mercury cyanide is easily obtained 
by dissolving mercury oxide in aqueous hydrocyanic acid. 
(The method of preparing hydrocyanic acid is described 
farther on.) On evaporating the solution, the salt crys- 
tallizes out. In order to prepare the gas, dry mercury 
cyanide in powder is heated in a tube or small flask mado 
of difficultlj fusible ^lass. The arraxig^enietA. lore ^^^xst- 
pase 23 represented in figure 3. TVi^ gaa T£i\3L^\.\i^ ^^^jr^^ 



it is sohibte ia water. Tbe deocanpoei- 
tmn wEucL tmt-t-« jJace ia lepRSMited bj tbe eqoatioD 
HgC,S, = Bg± C,S,. 




It most be observed, however, that very much less 
CTanogen b octnallj' obtained thun correspondB to the 
above equation, as a considerable proportion remans be- 
hind in the tube, in the form of a brown solid substance 
called paracTanogen. This substance has perbaps the 
formula CiN», and ia said to be a polymer or pobjmerio 
Tnodificatiim of cyant^en. By continuous heating it can 
be resolved into the gas. 

The cyan<^n thus obtained is a colourless gas of a 
peculiM' faintly peach-like emell. It should not, how- 
ever, be too strongly smelt, as it is jwisonous. It ia 
easily condensed to a liquid, at the ordinary temperature, 
under a pressure of oidy 2 or 3 atmospheres, or at the 
ordinary pressure, by a temperature of — Sl^O. Liquid 
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cyunogen is a colourless fluid, boiling, of course, at 
— 21 °C., and freezing at — 34° to a white solid. One 
volume of cold, water dissolves 4 or 5 volumes of 
cyanogen gas, and in alcohol it is still more soluble. 
Cyanogen gas is foimd by experiment to be 1*94 times 

(1*94 \ 
^ ^^^^ = I 28 times heavier than 
U'Ooyo / 

hydrogen. Hence, according to the law that " equal 

volumes of gases contain equal numbei"s of molecules," 

since the molecule of hydrogen contains Hj, the ^loleculo 

of cyanogen contains CaNj, its graphical formula being 

^x^ . A litre of cyanogen weighs 28 x 0*0896 gr. = 

2-5088 grs. 

Cyanogen bums in air with a splendid violet flame, 
and in oxygen still more brilliantly. The equation 

CaNa + 40 = 2C0a + N, 

shows that 2 vols, of cyanogen require for complete com- 
bustion 4 vols, of oxygen, producing 4 vols, carbon 
dioxide and 2 vols, nitrogen. 

23. Ozatyl, or carboxyl, COgH, is a radical which exists 
in all acids, and in the free state as (C02H)2, constitutes 
oxalic add. A reaction, which is interesting as showing 
its connection with cyanogen, is that which takes place 
spontaneously when an aqueous solution of cyanogen is 
kepty by which the cyanogen is converted into ammonium 
oxalate. We may represent the decomposition by the 
equation — 

Conversely, when ammonium oxalate is heated with 
phosphoric anhydride, it loses water, and yields cyanogen — 

* Oxalic acid can also be obtained from formic acid, to be 



Ml QiaiK kM (30. be oiitaBned Is^- Ae oaidalion of n^ 
<irg»nfr sdbs&mees. It used to be oiituned b j the 
irriffertwHi of sizgiac,. but b ihtw ebiaiofld <xi the kurge 
Kale hr tbe oxidatiofL of sswdoBt. In csder to pre- 
pare pore osalie acii on tiie auH scale, 10 grs. of 
powdered s^ar mar be bested in a liask with 75 c.a 
stziHi^ nitne acid. Wboi the eictiilAon of mtrons fames 
wifffg, the Hqaid ma.j be evapocated, tQl a drop taken 
out deposta crrstals on eooiii]^;. aod it ma j then be left 
to eooL OxaHe acsd then separates oat in tran^qpsynent 
trjvtals, wliich contain H^CsO^SH^O. 

In the mana&etore of oxatie acid firom wood, the saw- 
dost is mixed with a stroc^ si^iition of caustic alksdi (a 
mixture of one eqniTaknt potassiom hydrate and two 
eqiuTalentB sodhnn hTdrate) and the pasty mass is heated 
on iron plates. The wood is decomposed and hydrogen 
escapesw When the mass is quite dry, it is treated with 
warm water, and the difficultly solulde sodium oxalate 
which is left behind is deocHnposed by boiling it with 
milk of lime. The calcium oxalate so obtained is decom- 
posed by dilute sulphuric acid, and the solution of oxalic 
acid crystallized. 

Oxalic add crystallizes in prisms, CfiJi^lSJO, which, 
at 100^ C, lose their water <^ crystallization, and crumble 
down into a white powder. When heated, oxalic acid is 
decomposed without blackening, giTing off carbon dioxide, 
carbon monoxide, water, and other products. It is decom- 
posed into water and carbon dioxide by treatment with 
oxidizing agents ; for example, with potassium perman- 
ganate^ or with manganese dioxide and a dilute acid. 

afterwards mentioned. If sodinm formiate be heated, hydrogen 
if given offf and sodiom oxalate is formed. 

2NaCH0, = 2Ha +Na^C^O^. 

It can be produced from carbon dioxide by heating that gas, 
together with sodium, to a temperature equal to the boiling point 
of mercury, or 860**, 

2004+2Na = NaaOa04. 
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KaMnaOs + 3H2SO4+ 5CaH204 = K^04+ 2MnS04+ 8H«0 + lOCO^ 
MnOa + 2HCl + C2H2O4 = 2C0, + 2HaO + MnClj. 

Treated with strong sulphuric acid oxalic acid gives off 
a mixture of equal volumes of carbon dioxide and carbon 
monoxide — 

HaCj,04 = Hj,0 + COb + CO, 

and the mixture of gases bums with a feeble blue flame. 

Oxalic acid is a dibasic acid. Its most important salts 
are the following : — 

Potassiwm oocalate, C2O4K2H2O, easily soluble in water. 

Potassium hinoxalatey C2O4KH, HgO, difficultly soluble 
in water ; occurs in some plants in the different species 
of oxalis and rumex, commonly known as salts of lemon. 

Calcium oxalate, CgO^Ca, is very insoluble in water, 
and is precipitated when even a very dilute solution of an 
oxalate is mixed with neutral calcium chloride solution. 
The precipitate is insoluble in acetic acid, but easily 
soluble in hydrochloric or nitric acid. If the dry pre- 
cipitate is heated to redness in a crucible, it is converted, 
without blackening, into calcium carbonate, which effer- 
vesces on addition of an acid, giving off carbon dioxide. 

The oxalates of barium^ lead, mercury, and silver are 
Insoluble in water. 

Oxalic acid forms the first term of a series of dibasic 
acids^ of which the following are known : — 

OxsJic, Q^'B.^O^, 

Malonic, C3H4O4. 

Succinic, CiHeO*. 

Pyrotartaric, CsHgO*. 

Adipic, CeHioO*. 

PimeUc,! CyHiaO^. 

Suberic, C8H14O4. 

Azelaic, C9H16O4. 

Sebacic, CioHjgO^. 

Brassylic, C11H20O4. 

Kocellic, Ci7H3204. 

25. Succinic acid, C4lTg04, is contained in amber, whence 
its name. It is an oxidation product of many organic 
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substances. It may be obtained, for example, by oxidizing 
butyric acid with nitric acid. 

C4H8OJ + 30 = HjO + C4He04. 

Butyric acid. Succinic acid. 

An interesting decomposition by which it is produced is 
the action of caustic potash on ethylene dicyanide, which 
is similar to the reaction by which propionic acid is 
obtained from ethyl cyanide. (Compare p. 64.) 

CaH4CaN, + 2KH0 + 2Kfi = K,C4H404 + 2NHs. 

Ethylene dicyanide. Potassium succinate. 

CjHsCN + KHO + HjO = KCaHjO, + NH3. 
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Ethyl cyanide. Potassium propionate. 

Succinic acid is a solid, crystallizing in colourless 
prisms. It melts at ISO'', and is decomposed when heated 
to 235° into water and succinic anhydride, C4H4O3. The 
alkaline salts of succinic acid are soluble in water. They 
give, with ferric chloride, a brown precipitate in neutral 
solutions. Succinic acid is dibasic, contaiiiing two atoms of 

( COHo, 
the group COaH. Its formula may be written < C2H4, 

(COHo. 
The action of bromine on succinic acid yields mono- 
bromo-succinic acid, C4H4Bra04, and dibromo-succinic 
acid, C4H4Br502, 

26. Malic acid, CJSLqO^, may be obtained by the action 
of silver oxide on an aqueous solution of monobromo- 
Buccinic acid — 

CjHsBr I ^3*H + -^S^^ = ^»^3 (OH) | ^^^H ^ ^^-^j, 
Monobromo-succimc acid. Malic acid. 

Malic acid is contained in many fruits, and in rhubarb, 
&c., from which it can be easily prepared. 

27. Tartaric acid, C^H.Og, can be obtained by treating 
dibromo-sucdnic acid with silver oxide and water — 
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C^Bra j g^^H ^ 2AgH0 = 2C,H,(0H), | gg«| + 2AgBr. 
Dibromo-succinic acid. Tartaric acid. 

Tartaric acid exists in the juice of many fruits, and is 
deposited during the fermentation of wine, as tartar, 
which contains KHC^H^Og. 

Tartaric acid is dibasic- It forms the following potas- 
sium salts : — 

Hydrogenp^^u^^rtrate, ^,^,0. j gg|o. insoluble. 
Potassium tartrate, C2H4O3 j qqit q» soluble. 

28. Tartar Emetic is potassiiun tartrate, in which 
one atom of potassium is replaced by the monatomic 
group, Sbo. It contains (2C4H40gKSbO)2H20. 

29. Citric Acid is contained, with maUc acid, in the 
juice of the lemon and many other fruits. It contains 
CgHgOy, and is tribasic. 

Hydrides of the Organic Radicals. 

Boiling Point. 

Methane, or methyl hydride, CH4, below 0® C. 

Ethane, or ethyl hydnde, CgHg, . . . .below 0*. 

Propane, or propyl hydride, C3H8, . . . .below 0*. 

Butane, or butyl hycuide, ^4^\Qi ••• !"• 

Pentane, or amyl hydride, CgHja, • • . 38?. 

Hexane, or hexyi hydride, CgHi4, ... 69 '5®. 

Heptane, or heptyl hydride, ^i^i^t • • . 1 00 '5^. 

Octane, or octyl nydride, CsHis, . . . 124*^. 

Dodecane, or dedecatyl hydride, CjoHaa* • • • 202". 

Hexadecane, or hexadecatyl hydride, C16H34, .. 278^. 

The first four of this series are gaaes at the ordinary 
temperature; those which follow are liquids of higher 
boiling point, the higher their molecular weight; and 
amongst those of the highest molecular weight are solid 
bodies. It is a mixture of these which is known as paraffin, 
and the series is therefore often called the paraffim, aeries. 
The name denotes the persistence of these substaaices, 
which are not attacked at the ordinary temperature by 
sulphuric acid; nitric acid, and other powerful chemical 
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agents. The hydrides of this series can be prepared by 
the fiollowing general methods : — 

(a.) By the action of zinc and water on the iodides of 
alcohol radicals. Thus, if amyl iodide be heated in closed 
tubes, together with zinc and water, to a temperature * of 
150° C, the following decomposition takes place — 

2C5H11I + Zn + HjO = Znl, + ZnO + 2C6HiiH. 

(b.) By the action of the metals alone on the alcohol 
iodides, e.g., the action of zinc on methyl iodide yields ethyl 
hydride. (See p. 27.) 

2CH3I + Zn = Znl, + CjHg. 

And the action of sodium on a nnxture of ethyl iodide 
and amyl iodide gives heptyl iodide. 

CjHjI + C5H11I + 2Na = 2NaI + CyHig. 

(c.) By electrolysis of the salts of acetic acid and its 
homologues. Thus potassium acetate yields at the 
negative pole hydrogen, and at the positive pole carbon 
dioxide and ethyl hydride. 

2 I gg^^ + Hj = 2C0, + C A. 

(d.) By heating together a salt of the acetic acid series 
with potassium, or calcium hydrate. Thus, caustic potash 
and potassium acetate give methyl hydride. 

These hydrocarbons are also very often produced in the 
destructive distillation of organic substances. Thus, 
methyl hydride is one of the principal constituents of coal 
gas, and the coal tar contains other members of the series. 
Petroleum, also, which has probably been formed by some 
process analogous to destructive distillation, and paraffin 
oil consist principally of a mixture of these hydrides. 

30. Methane^ Methyl Hydride, or Marsh Oas, CH^. — 
Marsh gas is so called because it is produced by the de- 
composition of vegetable matter in marshes. It con- 
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stitutes also the bnlk of the gas which collects at times 
in coal mines, and bears the name fire damp. It can be 
synthetically built up from inorganic materials. Sulphur 
combines directly with carbon and with hydrogen, forming 
carbon disulphide and hydric sulphida If a mixture of 
these substances is made to pass over red hot copper, 
marsh gas is obtained. 

CSj + 2HjS + 8Cu = CH4 + 4Cn^. 

Marsh gas is prepared by heating potassium acetate 
(or dry sodium acetate) with soda lime — a mixture of 
sodium hydrate and calcium hydrate made by slacking 
lime in a solution of caustic soda, and then heating the 
mixture to drive off the excess of water. The lime is 
added in this case to prevent the caustic soda melting at 
the high temperature required, and so corroding the glass. 
The mixture is heated in a hard glass tube, or a hard glass 
flask coated with fire clay, or, best of all, in a metal retort. 
The gas may be collected over water in the ordinary way. 
The equation by which it is formed is given above. 

Me^ane is a colourless gas, without smell, which 
bums in the air with a scarcely luminous flame, forming 
carbon dioxide and water. 

The equation, 

CH4 + 40 = CO, + 21S.fi, 

shows that the gas requires twice its own volume of 
oxygen for complete combustion. If the two gases are 
mixed in these proportions, and the mixture be set on 
fire, a very violent explosion occurs. If mixed with air, 
it also explodes, but, of course, not so violently as with 
pure oxygen. As two volumes of oxygen are contained 
in about ten volumes of air, we see that marsh gas, when 
exploded together with air, renders ten times its own 
volume of air unfit for respiration ; and it is this mixture 
of nitrogen and carbon dioxide which, under the name 
of after damp^ is often more fatal to life, in coal-mine 
explosions, than the fire damp itself. Marsh gas is eight 
times as heavy as hydrogen, and therefore (8 x 0'0693 = ) 
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0*5544 times as heaTj-as air. It is sometimes called 
light carburetted hydrogen, in distinction from olefiant 
gas, which is also cidled heavy carburetted hydrogen. 

Marsh gas has never been reduced to a liquid. When 
mixed with chlorine, no action takes place in the dark ; 
but in daylight the two gases combine, forming hydro- 
chloric acid, and the following substitution products (al- 
ready mentioned on p. 22) : — 

Methyl chloride, CH,a Boiling point, - 21<> C. 

Methylene chloride, CH,C1« „ 41<*. 

Chloroform, CHCl, „ 62<*. 

Carbon tetrachloride, ....CCI4 „ 77^. 

SL Chloroform is prepared on the large scale by distil- 
ling alcohol with bleaching powder. It is a colourless 
mobile liquid, of peculiar odour, heavier than water (sp. 
gr. 1*525), and insoluble in water. 

By the action of nascent hydrogen on carbon tetra- 
chloride we can replace chlorine by hydrogen, and thus 
pass back again through the series, finally obtaining again 
marsh gas. 

32. Ethyl Hydride has been already described under 
the name of methyl. 

33. Propyl Hydride is obtained by the action of nascent 
hydrogen on propyl iodide — * 

CjHyl + 2H = HI + CsHg 

Propyl iodide is itself obtained by the action of hydriodic 
acid on glycerine. 

CaHgOg + 5HI = C3H7I + 3H,0 + 41. 

Propyl hydride is a colourless gas, which bums with a 
bright flame, and is acted on by chlorine in daylight^ 
forming propyl chloride CgH^Cl and other substitution 
products. 

34. Butyl Hydride is identical with eihyly which has 
been already described. 

* Strictly isopropyl iodide, which is isomeric with normal 
propyl iodUle. For a description of these numerous iiomeric 
modifications, the larger manuab most he consulted. 
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35. Amyl Hydride is a volatile liquid contained in 
American petroleum, and which can be prepared by the 
action of zinc and water on amyl iodide. 

36. Hexyl Hydride is identical with propyl. 

The remaining members of this series are of less im- 
portance. 

37. Paraffin^ CnHgn + 2> is a solid substance contained 
in several varieties of tar, and is probably a mixture of 
several substances of the hydride series. It was first 
obtained from the tar obtained in the distillation of wood, 
and is manufactured by the distillation of peat, and of 
some varieties of coal. 

Paraffin is a white solid, without taste or smell, of 
specific gravity 0*87, and melting at about 45^ C. 

It bums with a bright flame, and is employed in the 
manufacture of candles and of paraffin matches. 

38. Paraffin Oil is a mixture of liquid hydrocarbons of 
similar composition, obtained by the distillation of coal, 
(fee, and resembles natural petroleum in composition and 
properties. 

39. Benzol^ or Phenyl Hydride^ CgHg. — It has been 
already explained that the mode in which the carbon atoms 
are united in benzol is altogether peculiar. Benzol can 
be built up from its elements. If the current of a power- 
ful galvanic battery be made to pass between two pieces 
of carbon in an atmosphere of hydrogen, the two sub- 
stances unite to form the hydrocarbon ethine or acetylene, 
CgHg j and when acetylene is strongly heated, benzol is 
obtained. The following equation shows how three mole- 
cules of acetylene may combine to form one molecule of 
benzol : — 




Benzol is formed in many processes of destructive dis- 
tillation, and is contained in coal-tar. The lighter por- 
tion of the coal-tar oil^ after treatment with sulphuric 



46 OBOAKIC CHEXISTRT. 

acid, is subjected to distillation, and the portion collected 
which comes over while a thermometer in the retort in- 
dicates 80'' to 85°. From this distillate pure benzol is 
obtained on freezing it in a freezing mixture, and subject- 
ing the frozen mass to pressure. 

Benzol is a colourless liquid, which boils at 81°, and 
freezes at 0^. It is lighter than water, its specific 
gravity being 0*88 ; insoluble in water, but soluble in 
alcohol or ether. It is a useful solvent for resins, fats, 
and many other organic substances. 

Pure benzol can be obtained by distilling beuzoic acid 
with lime. A decomposition takes place precisely similar 
to that by which marsh, gas is prepajred from acetic acid, 
as may be seen by comparing tihe following equations : — 

j gOHo ^ CO, + CH,. 
Acetic acid. Marsh gas. 

Benzoic acid. BenzoL 

40. Toluol, CyHg. — ^This substance occurs together with 
benzol in the oil obtained from coal tar. It is the next 
higher homologue of benzol. Its real constitution is, how- 
ever, GqH.^(G^^ — ^that is, it is methyl benzol. It can 

also be obtained by distilling toluic add < ^ tt /nxr \ 

(the next higher homologue of benzoic acid) with lime, 
just as benzol is obtained by treating benzoic acid in the 
same way. Toluol boils at 111°, and does not freeze at 
low temperature. 

' 41. Aniline, CgH5(NH2), is now largely manufactured for 
the production of the aniline colours. It is obtained from 
benzol, which is first treated with nitric acid to convert 
it into nitrobenzol, CgH5(N02), and this is then reduced 
by nascent hydrogen (by distilling it with acetic acid and 
iron filings) — 

CgHoNOa + 3H2 = CgHgNHa + SHaO. 

If the benzol contains toluol — as is always the qs^se with 
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commercial benzol — the aniline obtained contains toluidine 
C^HgN. The production of some of the colours depends, 
in fact, on the presence of toluidine in the aniline 
employed. 

Pure aniline is a colourless liquid of peculiar odour, 
boiling at 182°. It is slightly heavier than water, and 
nearly insoluble in it, but dissolves in alcohol and ether. 
It combines with acids, forming salts; thus aniline hydro- 
chlorate contains CgHyNHCl. Aniline may be detected, 
even in veiy small quantity, by the red coloui'ation pro- 
duced by the action of sodium hypochlorite. 

The various aniline colours are obtained by the action 
of oxidizing agents on aniline; thus mauve is obtained by 
oxidizing aniline with potassium bichromate. 

Aniline was first obtained by distilling indigo with 
caustic potash. 

42. Indigo is not contained ready formed in the indigo 
plant, but is produced by a kind of fermentation which 
takes place when the leaves are macerated with water, 
and allowed to stand. The indigo is then deposited in 
the form of a fine powder, which is allowed to dry, and 
then cut into cakes, in which condition it is sent into the 
market. The pure colouring matter of indigo has the 
formula, CjgHj^2^2' ^^ ^ insoluble in water and 
alcohol ; it dissolves, however, in strong sulphuric acid, 
forming a dark blue solution. Nascent hydrogen acts 
upon indigo in a peculiar manner, converting it into a 
colourless and soluble substance known as white indigo, 
which contains C^gHigNgOg. This fact is employed in 
indigo dyeing. Ilie indigo-vat is obtained by mixing 
powdered indigo with a solution of ferrous sulphate and 
lime. The indigo is then converted into the soluble 
white form, and cloth dipped into this liquid, and then 
exposed to the aii*, becomes permanently dyed, — the 
indigo being reconverted into the insoluble form, and depo- 
sited within the fibre of the cloth. When indigo is dis- 
tilled with caustic potash, aniline is obtained — 

Cj«HioN,0, + 8KH0 + 2H,0 = 2C6H7N + 4K,C08 + ^, 
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43. Cyanic 'HjdTide,TlGN,Hi/drocyanic or Prussic Acid, 
' — ^It has been already mentioned that, if nitrogen gas is 
passed over a mixture of charcoal and potassium car- 
bonate heated to redness, potassium cyanide is formed — 

Ng + C4 + KjCOa = 2KCN + SCO. 

If iron be present, potassium ferrocyanide is formed, and 
this salt is prepared upon a -somewhat large scale, by 
heating together scrap iron, potassium carbonate, and 
any refuse organic substances which contain nitrogen, 
such as hair, horn, or dried blood. On treating the mass 
with water, and evaporating, potassium ferrocyanide, 
KJFeC(^Ng, separates out in large yellow crystals. 

Potassium cyanide can be obtained by heating the 
potassium ferrocyanide with potassium carbonate and 
charcoal — 

KaCOa + K^Fe^l^fi + C^ = 6KCN + Fe + SCO. 

Hydrocyanic acid is given off on addition- of a dilute acid 
to potassium cyanide, or it may be prepared by distilling 
potassium ferrocyanide with dilute sulphuric acid. The 
retort must be provided with a good condensing appar- 
atus, the tube of which should dip into water placed in 
the receiver. The acid so obtained is a more or less dilute 
solution of the gas HON in water. It cannot be pre- 
served pure, as it gradually changes into ammonium 
formiate, a decomposition which takes place rapidly when 
it is boiled with an alkali — 

CNH + HaO = COaHj + NHj. 

Formic Acid. 

Inversely, ammonium formiate is decomposed on heat- 
ing into water and hydrocyanic acid. 

In order to prepare pure hydrocyanic acid free from 
water, a stream of pure sulphurett^ hydrogen is passed 
over mercuric cyanide, and the vapours led into a bent 
tube immersed in a freezing mixture — 

HgCaN, + HjS - HgS + 2HCN. 
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Pure hydrocyanic acid is a colourless liquid which 
boils at 26*5°, and freezes at — 15°. It is one of the 
most deadly poisons known. It is miscible with water 
in all proportions, and a highly dilute solution is employed 
in medicine. The solution of any cyanide gives, with 
silver nitrate, a white precipitate of silver cyanide, which 
is insoluble in dilute nitric acid, but soluble in solution 
of potassium cyanide, and in ammonia. 

In order to detect hydrocyanic acid, it is best to distil 
the suspected Uquid with tartaric acid, and to add to the 
distillate caustic potash, and then a mixture of ferrous 
and ferric salt, then, finally, hydrochloric acid. The 
presence of hydrocyanic acid is shown by the formation 
of a precipitate of Prussian blue ; or the distillate may 
be mixed with a drop of yellow ammonium sulphide, 
and evaporated to dryness in a water bath; if hydro- 
cyanic acid be present, ammonium sulphocyanide will be 
formed, which gives a deep red colour on addition of 
ferric chloride. 

44. Potassium Perrocyanide, K^PeCgNg, so-called yel- 
low prussiate of potasL 

In this compound the iron is present as a part of the 
chlorous radical, and cannot be detected by the ordinary 
tests for iron; the group FeC^Ng is, therefore, tetratomic. 

The solution of this salt gives, with ferric salts, a dark 
blue precipitate of Prussian blue. By passing chlorine 
through a solution of potassium ferrocyanide, potassium 
ferricya/nide, KgPeCgNg, is obtained — 

K4FeC6N8 + CI = KCl + KaFeCgNg. 
In this salt, the so-called red prussiate of potash, the 
group FeCgNg is triatomic. When a solution of this salt 
is added to a solution of ferrous sulphate, a dark blue 
precipitate, known as Tumbull's blue, is obtained. 

2K8FiCiNe'" + 3Fe"S04= Fe3"2Fic;!re''' + SKaSO^. 

Tumbuirs blue. 
Cyanogen forms with chlorine two compounds, having 
the same per centage composition. The first of them is a 

11 £ D 



50 ORGANIC CHEMISTBT. 

liquid hiaving the formula CNCl; it boik at 15-5°, and 
freezes at - 5?. Its polymer has the formula CgNgClg, 
and is a solid, melting at 145°, and boiling at 199^ 

Cyanogen forms also, with oxygen and hydrogen 
together, two compounds, which are polymeric, viz., 

cyanic acid, tt ( ^» ^^^ cyanuric acid, ^ ^ \ q^ 

Cyanuric acid is obtained from urea, which may be ob- 
tained from potassium cyanide by the. method described 
on p. 10. On heating, urea splits up into ammonia and 
cyanmic acid, according to the equation 

3C0(NHs)s = CaNgHaOs + SNH,. 

Cyanuric acid is a solid substance, and acts as a tribasic 
acid. If it be distilled in a retort provided with a re- 
ceiver, cooled in a freezing mixture, a liquid is obtained, 
which is cyanic acid, the decomposition consisting in the 
splitting up of one molecTile of cyanuric acid into three 
molecules of cyanic acid. 

Cyanic acid is monobasic. Ammonium cyanate easily 
passes into the isomeric substance wrea, 

K.) 

45. Potassium Sulphocyanide, q-^\^ (more strictly po- 
tassium sulphocyanate), corresponds to potassium cyanate 
in which the oxygen has been replaced by sulphur. It is 
obtaiaed by fusing potassium ferrocyanide with sulphur 
and potassium carbonate. Its solution gives, with the 
slightest trace of a ferric salt, an intense red colouration, 
and is thus a very delicate test for iron. 

46. Oxatylic Hydride, or Formic Acid, { §^^^— We 

have already seen how formic acid can be obtained from 
hydrocyanic acid. It can be obtained synthetically by 
heating together caustic potash and carbon monoxide to 
100° C. 

CO + KHO = COjKH. 

It occurs ready formed in the bodies of ants (whence its 
name.) It is best prepared by distilling oxalic acid to- 
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gether with glycerine at a temperature of about 100^ ; 
the oxaUc a^jid alone undergoes decomposition, spUtting 
up into carbon dioxide and formic acid — 

CaHs04 = CHa04 + COj. 

In order to obtain the anhydrous acid, lead carbonate is 
added to the dilute acid obtained in the above process, 
and the solution crystallized. The lead formiate so ob- 
tained is dried and then decomposed in a retort with dry 
sulphuretted hydrogen, and anhydrous formic add di«*ils 
over — 

Pb2CH0j + HjS = PbS + 2CHaO,. 

Formic acid is a colourless fluid boiling at 100°, and 
freezing at l^ When heated with strong sulphuric add 
it decomposes into water and carbon monoxide— 

CHjO, = HjjO + CO. 

If sodium formiate be heated, hydrogen is given off, and 
sodium oxalate f oimed— 

CONao 

H ^VaTT a. JCONao 

CONao^^^® **8 "*■ (CONao- 

H 

47. ^he Alcohols. — ^The alcohols are substances more 
or less resembling common alcohol, which has the formula, 
OgHgO. They correspond amongst organic substances, to 
the hydroxides in inorganic chemistry, and may be sup- 
posed to be derived from water, by substituting an organic 
radical for hydrogen. Thus, both common alcohol and 
caustic potash may be supposed to be obtained from water 
by substituting for hydrogen, in the one case potassium, 
in the other the organic mdical ethyl — 

Water. Caustic potash. Alcohol. 

||0. ||0. C,H.jo 

Or we may define an alcohol to be a compoimd of a 
hydroca/rhon radical with hydroocyt Thus, eiiyl alcohol 
is 0^Hb,HO. 

lie alcohols resemble the metallic hydroxides in their 
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reactions with the acids, as the following equations 
show : — 

KHO + HCl = KCl + H2O. 

C2H5HO + HCl = C JI5CI + HaO. 

Alcohol. Ethyl chloride. 

KBO + HjSO. = KHSO4 + HjO. 
CjHjHO + HjS04 = C,H5HS04 + H,0. 

, • . i * V 

Alcohol. Ethyl snlphuric acid. 

A complete list of the alcohols of the series to which 
ordinary alcohol belongs is given on p. 69, together with 
the acids obtained from them. The first term of this 
series is — 

48. Methylic Alcohol or GwrU'ml, ^^^ } O or C ^ ^• 

(oh 

This substance may be regarded as marsh gas, in which 
one atom of hydrogen has been replaced by hydroxyl. It 
is possible to obtain methyl alcohol from its elements. 
We have seen that marsh gas can be prepared from carbon 
and hydrogen, and that chlorine acts upon it in sunlight, 
forming methyl chloride. If methyl chloride be heated 
in closed tubes with caustic potash, methyl alcohol is 
obtained — 

CH3CI + KHO = KCl + CHsHO. 

Methyl alcohol is commonly called wood spirit, and is 
obtained by the distillation of wood. The product of the 
distillation of wood consists of acetic add, methyl alcohol, 
and a number of other substances. The mixture is satu- 
rated with lime, and distilled. The lime combines with 
the acetic acid, and the methyl alcohol and other sub- 
stances distil over. After distilling once more over lime, 
dry calcium chloride is added to the distillate, which 
combines with the methyl alcohol, forming a solid sub- 
stance, from which the other substances can be poured 
off, and driven off by heating to 100^, at which tempera- 
ture the compound with calcium chloride is not decom- 
posed. The dry mass is then mixed with water, and 
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once more distilled, when methyl alcohol distils over, and 
can be dried by distilling again with quick lime. 

Methyl alcohol is a colourless liquid of burning taste, 
and smelling something like ordinary alcohol. It boils 
at 66®, and has a specific gravity of 0*8142 ; it mixes with 
water in all proportions. It bums like ordinary alcohol 
It is employed as a substitute for alcohol, on account of 
its cheapness, in many manufacturing processes, and in 
mixture wiiJi common alcohol, as methylated spirit, 
which is allowed to be sold free from duty. 

If methyl alcohol be acted on by oxidizing agents 
formic acid is obtained. This change may be brought 
about by the oxygen of the air. If a coil of platinum 
wire be heated to redness, and then suspended in a little 
beaker containing a few drops of methyl alcohol, the wire 
continues to glow, and formic acid and water are formed. 

In this change, two .atoms of hydrogen become replaced 
by one atom of oxygen. 



M-w:(0>-H and 0, give ^C-^HS^H 



and H9O. 

Methyl alcohol. Formic acid. 

Sodium acts violently on methyl alcohol, giving ofl 
hydrogen — 

CHaHO + Na = NaCHsO + H. 

Hydrochloric acid acts on methyl alcohol, forming 
methyl chloride and water — 

CH3HO + HCl = CHaa + HjO. 
Similar compounds with bromine and iodine can be 
obtained. 

With sulphuric acid it forms two compounds corre- 
sponding to potassium hydrogen sulphate, KHSO., and 
potassium sulphate, KgSO^, viz., CH3HSO4, and (CHg^gSO^. 
The first of these distilled with methyl alcohol gives methyl 
eth&Tf CgHgO, a substance isomeric with ethyl alcohol — 
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Methyl ether is a gas condensing to a liquid at - 21°. 
49. Ethylic Alcohol or Methyl Carhinol, ^«§» | O, or 
(CH3 

C J TT. — Ethyl alcohol can also be obtained synthetically. 

(oh. 

We have seen that methyl alcohol can be obtained from 
its elements, and from it methyl iodide can be obtained. 
By the action of zinc on methyl iodide, ethyl hydride is 

obtained — 

2CH8I + Zn = Znia + CjHg. 

And by the action of chlorine on this ethyl chloride 

CjHgCl is obtained; and from this ethyl hydroxide or 

alcohol can be obtained. 

Another method of obtaining alcohol synthetically is 

from acetylene, which we have seen can be produced from 

carbon and hydrogen. Nascent hydrogen acts on acetylene, 

producing ethylene — 

UgHg + Hj = C2M4. 

And it has been already mentioned that alcohol can be 

obtained from ethylene. Alcohol is always prepared by 

the fermentation of sugar. Under the influence of yeast, 

the sugoi' splits up into carbon dioxide and alcohol, 

according to the equation 

CjHijOe = 2C,HeO + 2C0p. 
Sugar. Alcohol. Carbon-dioxide. 

The fermentation goes on best at a particular temperature 
(25® to 30°), and with a particular concentration of the 
sugar solution. The fermented liquid contains dilute alcohol 
and other substances. By distillation the crude spirit is 
obtained, which contains still a considerable proportion 
of water, and often small quantities of other substances. 
One of these impurities, to be afterwards described as 
amyl alcohol^ occurs especially in the spirit obtained from 
potatoes, and is called Fusel oil. In order to obtain 
alcohol free from water distillation alone is ineffective; it 
y> necessary to employ some substance wbicib."kaa «i. ^c^»3^ 
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affinity for water, and quick lime is the substance com- 
monly employed. A large retort is filled with fragments 
of quick lime, and the spirit poured upon the lime. The 
whole is allowed to stand, and then distilled in a water- 
bath; the product is anhydrous or absolute alcohol. 
Really absolute alcohol is, however, very difficult to obtain, 
as alcohol possesses itself a very strong affinity for water, 
evolving heat when mixed with water, and undergoing 
contraction, so that 53*7 vols, alcohol and 49 8 vols, of 
water produce only 100 vols, of dilute alcohol. 

Pure alcohol boils at 78*4°, and has never been frozen. 
Its specific gravity at 0** C. is 0*809. Alcohol bums with 
a non-luminous flame, forming carbon dioxide and water. 
Its vapour is 1*59 times heavier than air. 

The proof spirit of the Excise contains 50*8 parts by 
weight of alcohol, and 49*2 of water, and has a specific 
gravity of 0*92. Brandy contains 40 to 50 per cent.; 
light wines, 7 or 8 per cent. ; and beer, 8 to 9 per cent. 
Sodium reacts with ethyl alcohol, as with methyl alcohol, 
according to the equation 

CsHgHO + Na = CaHsNaO + H; 
hydrochloric acid gives ethyl chloride, CgHgCl; with 
sulphuric acid it gives ethyl sulphate, p^xr^ \ SO^ ; and 

C H ) 

ethyl-sulphuric acid, 2^ > SO^. This last substance 

forms salts with other metals : as potassium ethyl-sulphate, 
KCgHgSO^; and barium ethyl-sulphate, Ba2C2H^S04. 
Ethyl-sulphuric acid decomposes alcohol, forming ether — 

Ethyl-sulphuric Alcohol. Sulphuric acid. Ether, 
acid. 

Oxidizing agents convert alcohol into acetic acid. A 
coil of platinum wire, suspended in a ^lasa Q,Q\;AaAVA^^ 
a few drops of strong alcohol, forma ^e ^ocsiJ^'i^ '-'-X^ssss^ 
without flame. " Under the in^uenee oi ^Xi'Si ^^^Cvaxxsa.,*^^ 
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alcohol and oxygen of the air produce acetic add and 
water, according to the equation — 

jCH^OH-0.=H.0.jC0Ho • 

Alcohol. Acetic acid. 

H H 
The graphical formula of alcohol is H-(c)-(c)-(o)^5L 

H H 

and it may be considered as methyl-alcohol or carbinol in 

which one atom of hydrogen has been replaced by methyl. 

Hence it is called methyl-carbinol. 

The next higher homologue of the series, 'propyl alcohol^ 

H H H 

has the formula H'(p)-{G)r{cy^)r^^, and may be called 

H H H 

ethyl carbinol, and so on through the other members of the 

series. Amyl alcohol, ^ xr^ r ^ ^^ "I C h« ^, is the only 

other important alcohol of the series. It is the principal 
constituent of the Fusel oil obtained in the manufacture 
of potato brandy. It is a colourless liquid of disagreeable 
smell, boiling at 132°, and freezing at — 20°. It will be 
observed that in this, as in most homologous series, the 
boiling point rises as we pass up the series ; some of the 
higher alcohols (as, for example, cetyl alcohol, CigHggHO) 
are solid bodies. 

50. Secondary and Tertiary Alcohols. — ^The alcohols 

which have been described may be supposed to be formed 

either on the type of water or on tibat of marsh gas. 

Methyl alcohol, for example, may be considered either as 

CH ) 
xr^ > O — that is, as water in which one atom of hydrogen 

/OH 

I H 

has been replaced by methyl, or as C < -rx> tiliat is, as 

is 

marsh gas in which one atom of hydrogen is replaced by 
hydroxyl, and it then receives the name of carbinol. If, 
then, an atom of hydrogen in carbinol be replaced by 
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methyl, ethyl, propyl, &c., we obtain the compounds 
OH /OH ( OH 



C 



OH /OH / OH 

H ' ^\ H ' ^S H ' *^*' ^^ *^® primary ethyl, 

CHg (^ C2H5 V ^3^7 
propyl, and butyl alcohols. But other substances are 
known which are isomeric with these propyl and butyl 
alcohols, but which differ in boiling point and other pro- 
perties. If, for example, instead of replacing one atom 
of hydrogen in the original carbinol by ethyl, we replace 
two atoms of hydrogen, each by an atom of methyl, we 
obtain secondary propyl alcohol, which has the same 
composition as the primary alcohol, but possesses different 
properties. It boils, for example, at 84°, while the 
primary alcohol boUs at 96°. The primary alcohol yields 
on oxidation, first, propionic aldehyde, and then pro- 
pionic acid \ but the secondary alcohol yields no aldehyde 
on oxidation, but instead acetone (see p. 68), and does not 
yield propionic acid at all* 

The following graphical formulae may make the matter 
clearer : — 

JC(CH3)H, Q ^ }C(CH3)H, QH 
jCHjHo +^« (COHo +^^2. 



■> r 



Primary propyl alcohol. Propionic acid. 
H H 





CH3 
C(CH3)HHo 



•^0=!cO(bH3)-»-^H- 



Secondary propyl alcohol. Acetone, 





Primary butyl alcohol, or propyl carbinol, C ' 
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A primary alc<^ol may then be defined as an alcohol in 
which the hjdroxyl is attached to a carbon atom, directly 
united to only one other carbon atom. In the secondary 
alcohols, the carbon atom to which the hydroxyl is 
attached is united directly to tioo other carbon atoms; 
and in the tertiary alcohols this carbon atom is directly 
united to three other carbon atoms. 

We know, for example, three butyl alcohols — 

CsHy 

^ b.p. 115**. 

OH 

rC,H5 
Secondaiy butyl alcohol, or methyl ethyl ^ J OHs^ q^o 

carbinol, 1 H '^' ' ' 

I OH 

rCHs 
Tertiary butyl alcohol, or trimethyl q J CH3 ^ qaq 

carbinol, I CHs '^' 

lOH 

51. Phenylic Alcohol orCarbolic Acid, V \0. — ^Inthis 

substance the carbon atoms are united as in the other 
aromatic compounds, 

Phenylic alcohol, or phenol, as it is also called, is in fact 
benzol in which one atom of hydrogen has been replaced 
by hydroxy! It differs essentially from the true alcohols, 
in that it gives no acid on oxidation, and that the hydro- 
gen of the hydroxyl is more easily displaced by metals 
than in the alcohols, so that this substance is as much 
acid as alcohol. A derivative of phenol, obtained from it 
by the action of nitric acid — trinitrophenol or picric acid, 
CgH2(N02)30II — acts like a true acid, forming salts which 
crystallize well. 

Phenol is found in the heavy oil of coal-tar, and is 
Separated from other substances by treating the mixture 
with caustic soda, with which the phenol combines. The 
sodium phenate is decomposed by hydrochloric acid, which 
sets free the phenol. 



Pure phenol is a white crystalliiie solid^ melting at 
42^, and boiling at 184°. 

It has a peculiar smell, and burning taste, and is very 
poisonous. It is now largely employed as a disinfectant. 

With water it forms a crystalline hydrate, H202CgHgO. 

52. The Ethers. — ^We have seen that the alcohols corre- 
spond to the hydroxides amongst inorganic compounds. 
So the etii&rs correspond to the oxides — 

c^»jo. Ijo. 

Alcohol. Potassium hy^oxide. 

CgH. i ^- K j ^• 

Ether. Potassium oxide. 

Ether may be obtained by acting with ethyl iodide on 
the substance, CgHgNaO, obtained by the action of 
sodium on alcohol — 

If, instead of ethyl iodide, the iodide of another alcohol 
radical be taken, a mixed ether is obtained — 

Amyl iodide. Ethyl-amyl ether. 

« 

53.EthylicEther,C^II^oO. — Etheriscommonlyprepared 
by mixing alcohol with concentrated sulphimc acid, and 
heating the mixture to 140^ C. Ether and water distil 
over, the sulphuric acid remaining behind in the retort, 
and acting apparently by its presence only; so that the 
same sulphuric acid is able to convert a comparatively 
large quantity of alcohol into water and ether ; and, if 
alcohol be added as fast as it is decomposed, the process 
becomes continuous. In order to prepare ether by this 
continuous process, the apparatus shown in the figure may 
be employed. The flask contains the mixture of sulphuric 
acid and alcohol, and is provided with a thermometer, so 
that the temperature may be kept as nearly as possible 
constant at 140^. A continuous supply of alcohol is 
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kept up from the bottle, and the ether and water distil off 
and collect in the bottle in two layers, the lower of which 
is water^ and the upper ether^ containing alcohol and 




Fig. 4. 

some other impurities. To purify it it is shaken with 
dilute caustic soda, then decanted off, and some sticks of 
solid caustic potash put into it ; then, after standing some 
time, it is poured off, and distilled in a water-bath. 

The reactions which take place in this process are the 
ftiliuwiug : — The sulphuric acid first reacts with the 
nlcohol, forming water and ethyl-sulphuric acid — 

And this ethjiHSulphuric acid then decomposes more 
sUcohol, forming ether, and reproduom^ «oV^\x3Cia ws\.\ — 
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That this is what takes place, and that the ether is not 

formed by simple abstraction of water from the alcohol, 

may be seen from the following experiment : — If, in the 

continuous process, the mixture of ethyl alcohol and 

sulphuric acid be supplied, not with ethyl alcohol, but 

C H ) 
with amyl alcohol, the mixed ether, p^xr* > O, is obtained, 

C IT ) 
and not a mixture of the two ethers, rfjr^ > O and 

p5 11 I O; the ethyl-sulphuric acid, first formed, being de- 
composed by the amyl alcohol, according to the equation — 

Pure ether is a colourless, yery mobile liquid, having a 
peculiar smell and burning taste. It boils at 34-5^. It 
is insoluble in water, and lighter than that liquid, having 
a specific gravity of 0*736. 

Ether is very inflammable, and should always be dis- 
tilled by means of hot water only. It bums with a 
bright flame, forming of course carbon dioxide and water. 
Mixed with oxygen, it forms a violently explosive mixture. 

The equation 

C4H10O + 120 = 4C0a + SHjO 
2 vols. 12 vols. 

shows that it requires six times its own volume of oxygen 
for complete combustion. 

The molecular weight of ether being 74, it follows that 
its vapour is 37 times as heavy as ti^e same volume of 
hydrogen; and its specific gravity, in reference to air as 
unity, is 37 X 0*0693, or 2*564. The vapour can be 
poured from one vessel to another, like carbon dioxide. 

64. Haloid Ethers is the name given to the compounds 
of ethyl and the other alcohol radicals with the negative or 
chlorous elements; as, for exami^le, ^^\i^\ 0£^Rfs^5ife^ 
qiI,Cl amyl iodide, CgHi^I, &c. 
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55. Methyl Chloride, CH3CI, is obtained by the action 
of hydrochloric a<jid on methyl alcohol— 

CH3HO + HCl = H2O + CH3CI. 
It is a colourless gas, of pleasant etherial smell, which 
condenses to a liquid at - 21^ 

56. Methyl Bromide, CHgBr, is obtained by the action 
of bromine and phosphorus on methyl alcohol. It is a 
colourless liquid, which boils at 13'. 

57. Methyl Iodide, CH3I, is obtained by the action of 
iodine and phosphorus on methyl alcohol, according to 
the equation^— 

5CH3OH + P + SI ^ 5CH3I + POA + HsO. 

Methyl alcohol. Methyl iodide. Phosphoric acid. 

It is a colourless liquid, of specific gravity 2*2, and boil- 
ing at 43e. 

58. Methyl Cyanide(so-called), < S jt^» is obtained by dis- 
tilling together potassium cyanide and potassium methyl 
sulphate — 

KCN + KOH3SO4 5= KsS04 + CHsCN. 

It is a liquid which boils at 77°. When heated with 
caustic potaish it undergoes a decomposition which is in- 
teresting, as it enables us to pass from the methyl series 
to the ethyl series ; the cyanide yields potasaivm acetate 
and ammonia — 

CH3CN + KHO + Hj,0 = CjHjOjK + NHa-* 

We infer from this decomposition that the two carbon 
atoms in this substance are directly united together, and 
not each tmited with the nitrogen atom, in fact^ that its 

H H 

formula is N3[c)-(c)-H, and not @lN-(c)-H» Indeed, 

H H 

the substance which has this last formula is also known. 

It is the true methyl cyanide, and boils at 58°. It is not 

* To mdicAte its connection with ace\a.Q «A\d. t\^ oabetonce has 
i^eejj caJJed acetonitrile. See p. 87. 
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decomposed by caustic potash in the maimer shown above, 
but is decomposed by acids into formic acid and CHgNHg 
— the two carbon atoms thus separating from eAch other. 

59. Ethyl Chloride, CgHgCl, is prepared by saturating 
alcohol witib hydrochloric acid, and then heating the solu- 
tion in a flask. The gas which comes off is washed 
through warm water, passed over calcium chloride to dry 
it, and then into a tube cooled in a freezing mixture, 
when the ethyl chloride condenses as a colourless liquid — 

CgHgHO + HCl = CaHgCl + HjO. 

Ethyl chloride is a colourless pleasant smelling liquid 
which is very volatile, boiling at 12 '6°. Its vapour bums 
with a flame tinged with green. 

60. Ethyl Iodide, CgHgl, is prepared by the action of 
iodine and phosphorus on alcohol, according to the equa- 
tion— 

fiCaHgO + SI + P = 6C2H5I + HsP04 + HjO. 

Alcohol. Phosphoric acid. 

60 grams phosphorus are placed in a retort provided with 
a good condensing arrangement, and having a glass globe, 
with a tube and tap, fitted into the tubulature. 700 
grams alcohol are poured on to 1000 grams iodine in a 
beaker, and the solution obtaiaed poured into the globe. 
The retort is then heated in a water bath till the phos- 
phorus melts, and the solution of iodine is then allowed 
to flow slowly into the retort. The distillate first ob- 
tained consists of alcohol containing ethyl iodide in solution. 
It is poured back on to the iodine remaining undissolved 
in the beaker, which it dissolves more freely than the 
alcohol alone, and the solution of iodine so obtained 
introduced again into the retort. "When all the iodine has 
been used up, the ethyl iodide obtained is washed with 
water and redistilled. 

Ethyl iodide is a colourless heavy liquid, boiling at 72°. 
It is employed in the preparation of very many other 
ethyl compounds. It becomea "btQ^ni ^cjvmi^\s^ *^^j^ 
action of light, owing to tihe sepacBi.\i\OTL ol vi^^^« 



64 OBOAinC CHEIOSITST. 

61. Ethyl Bromide, CgH^Br, is obtained by m proceas simi- 
lar to that employed for the preparation of ediyl iodide^ 

• ^"^^ I + 5Br + P = SC^Br + HjPO^ + H^. 

Ethyl formBy with sulphur, two compounds ooirrespoiul- 
ing to alcohol and ether. The first of these, called 
mercapta/n, CoH,HS, is obtained by the action of ethyl 
chloride on potassium hydrogen sulphide. 

CsHgCl + KHS = Ka + CjHjjHS. 

Tt 18 a colourless liquid, with an intensely disagreeable 
Kmell ; it boils at 36 , and bums in air with a blue flame. 
JCthyl tnilphidef (C2Hjj)2S, corresponding to ether in which 
oxygen haa been replaced by sulphur, is obtained by the 
action of ethyl chloride on potassium sulphide— 
K,8 + 2C,H5C1 = 2KCi + (Cj^g)^. 

Ethyl sulphide has the same disagreeable smell as 
mercaptan ; it boils at 91°. 

62. Ethyl Cyanide, | ^^2(^^33) ^^^i^^^ ^ ^^ ^^ 

stances of the formula CgHgN, as there are two isomeric 
methyl cyanides. 

The substance having the formida given above (in 
which the carbon atoms are directly united together) is 
obtained by distilling a mixture of potassium cyanide and 
potassium ethyl sulphate — 

KCN + KCaHgSO^ = KsS04 + CjHgCN. 

It boils at 97°, and is decomposed by caustic potash 
into ammonia and potassium propionate^ — * 

j «5f » + KHO + H.0 = NH, + j «.^^ 

This decomposition enables us to pass from the two- 
carbon compounds to the three-carbon compounds. The 
isomer which is not so decomposed boils at 77°, and has 

the formula < -«? ^ 

* Hence this substance is called propionUriU* 
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63. The Aldehydes. — ^We have seen that oxidizing 
agents convert methyl alcohol into formic acid, and ethyl 
alcohol into acetic acid. In like manner each of the alcohols 
yields an acid by oxidation. It is found, however, that 
the oxidation of an alcohol takes place in two successive 
steps, and the intermediate substance is called an aldehyde. 
Thus, if alcohol be treated with chromic acid, or witii a 
mixture of potassium bichromate and sulphuric acid, it is 
oxidized to aldehyde, which easily oxidizes further to 
acetic acid — 

Alcohol. Aldehyde. 

J COH ^ ^ J COHo 
I CH3 + ^ = \ CH3 

Aldehyde. Acetic acid. 

An aldehyde is thus a compound of hydrogen or alcohol 
radical with the group COH. "We shall see presently 
that an acid contains the group COHo, and we have 
already seen that an alcohol contains the group CHgHo. 
The aldehydes very easily take up oxygen and become 
acids, the group COH being oxidized to COHo ; and less 
easily, by the action of nascent hydrogen, the group COH 
of the aldehyde is reduced to CHgHo, the aldehyde being 
converted into the alcohol, the methyl or other alcohol 
radical remaining unaltered. 

{COH 
TT , is a colourless gas, which 

has an initating smell. It is formed by passing air and 
methyl alcohol vapour over heated platinum — 

It has a great affinity for oxygen. A solution of methyl 
aldehyde in methyl alcohol, mixed with an ammoniacal 
solution of silver nitrate, and gently warmed, reduces the 
silver to the metallic state, forming a brilliant mirror on 
the glass — 

Methyl aldehyde. Formic acid 

He e 



66 ORGANIC CHEMISTRY. 

65. Acetic Aldehyde,] ^tt , is formed by the action of 

oxidizing agents on alcohol, such as chromic acid, or a 
mixture of sulphuric acid and manganese dioxide, or by 
leading alcohol and oxygen over platinum. The best 
method of preparing aldehyde is to oxidize alcohol by 
means of a mixture of sulphuric acid and potassium 
bichromate, and to pass the gas evolved into ether which 
absorbs the aldehyde vapour. Ammonia gas is then led 
into this solution, when a compound of aldehyde and 
ammonia separates out in crystals. This substance con- 
tains CgH^ONHg; and by distillation with dilute sulphuric 
acid it yields pure aldehyde. Aldehyde is a colourless 
Hquid, boiling at 21', and possessing a suffocating smell. 
If warmed with an ammoniacal solution of silver nitrate, 
the silver is deposited as a brilliant metallic mirror — 

Aldehyde. Acetic acid. 

Aldehyde unites, with nascent hydrogen, forming 
alcohol. 

( COS 

66. Valeric Aldehyde^ "i C ft » ^ obtained by oxidizing 

amyl alcohol with a mixture of sulphuric acid and potas- 
sium bichromate. 

It is a liquid which boils at 98®. It is reduced by 
nascent hydrogen to amyl alcohol, and by oxygen it is 
easily converted into valeric acid — 

jCOH + = jCOHo 

I C4H9 (C4H9, 

Valeric aldehyde. Valeric acid. 

67. BenzoicAldehydeorOilofBitterAlmondsJ ^ -g- ' 

is obtained by bruising bitter almonds with water, and 
distilling. It does not exist ready formed in the almonds, 
but is produced by a peculiar fermentation which takes 
place. The almonds contain a substance called amyg- 
dalin, CgoH^^NOij, which, under the action of a peculiar 
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ferment, also contained in. the almonds, splits up into 
grape sugar, bitter almond oil, and hydrocyanic acid — 

CaoHgyNOn + 2H2O = 2CeHi206 + CyHgO + CNH. 

AjiiygdaliiL Grape sugar. 

The almonds are first crushed and pressed to remove the 
fixed oil they contain, and the pulp is mixed with water 
and allowed to stand for a day. It is then subjected 
to distillation, when the bitter almond oil distils over. 

Oil of bitter almonds is the aldehyde containing the 
radical phenyl, instead of a radical of the regular alcohol 
series — the phenyl being constituted as in the other 
aromatic compounds. It is a colourless liquid, having a 
peculiar smell, and boiling at 180°. It is employed in 
cookery as a flavour, a use which is dangerous, as the 
oil always contains an admixture of hydrocyanic acid. 
Benzoic aldehyde is converted by oxidation into benzoic 
acid ; and by nascent hydrogen (by mixing it with water 

{CS Ho 

CyHgO + H2 ^^ CyHgO. 

Bitter almond oil. Benzyl alcohoL 

Benzyl alcohol may also be obtained from benzyl 
chloride, which is obtained by the action of chlorine on 
toluol — 

C6H5CH3 + CI2 = CgHgCHaCl + HCl. 
Toluol. Benzyl chloride. 

Benzyl alcohol is a colourless liquid, boiling at 207°. 
When gently oxidized, it yields benzoic aldehyde ; and, 
when oxidized more strongly, as by chromic acid, it 
yields benzoic acid. 

{C05 

ing point of the salicyl group of compounds. It differs 
from benzoic aldehyde simply in containing an atom of 
hydroxyl instead of an atom of hydrogen. It is a volatile 
oil, which may be extracted from the flowers of the 
pieadow sweet, which owe their fragrance to this sub- 
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Stance. It may also be obtained from salicin, a bitter 
substance obtained from willow bark. Salicyl aldehyde 
boils at 182?. By oxidation it forms salicylic acid, 

69. Salicylic Acid, ^ f« tt tt occurs also in the oil of 

winter green, as methyl salicylate, CH3C7H5O3. 

70. Acetone, CgHgO, is a colourless, pleasant-smelling 
liquid which boils at 5 6 ^. It is obtained by the distillation 
of calcium acetate, and occurs, together with methyl alcohol 
and acetic acid, in the products of the distillation of wood. 

Acetone is the best known of the class of bodies called 
ketones, A ketone is a compound of carbon monoxide 

with two alcohol radicals — acetone itself being CO < p-pr^; 

or they may be supposed to be obtained from aldehyde 
by replacing one atom of hydrogen by an alcohol radical. 
Other ketones have the formulge — 

Col^^^, BoiUng point, Sr. 



^^ C3HV 

CO ^^3 

C4H9' 

CO i S^S^ 
^^ C3H7' 



f$ 



tt 



$$ 



9t 



ti 



lor 
lor 

120' 
128" 
144° 



Acetone, when acted on by nascent hydrogen, yields 
secondary propyl alcohol, or isopropyl alcohol, as it is 
sometimes called — 

ICH3 
OH 
Acetone. Isopropyl alcohol. 

71. The Acids. — The following is a complete list of the 
alcohols homologous with methyl alcohol, and the acids 
which are obtained from them, so far as they are known : 
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The organic acids, like the inorganic, differ in basic 
power. Nitric acid forms only one salt with a mona- 
tomic metal such as potassium, and is therefore monobasic. 
Sulphuric acid forms the two salts, KgSO^, and KHSO^ 
and is therefore dibasic ] while phosphoric acid is tribasic, 
forming the three salts, KgPO^, KgHPO^, and KHgPO^. 
In the same way acetic acid is monobasic, forming only 
KCoHgOg. Oxalic acid is dibasic, forming the salts, 
K^2^2^4» ^^'^ K^ECCgO^; while citric acid, CgHgO^, 
forms the three salts, KgCgHgO^, KgHC^HgOy, and 
KHgCgHgOy, and is therefore tribasic. It is found that 
the basic power of an inorganic acid is determined by the 
number of times it contains the group oxatyl, COgH* 
Thus acetic acid, which is monobasic, contains it only 

once, ]^r)-rr • Oxalic acid contains it *^^n#«oTT ' 
and is dibasic ; while citric acid contains it three times. 

COH ^ obtained by the oxidation of 

alcohol, and, as already mentioned, in the destructive dis- 
tillation of wood. In this last method the wood is dis- 
tilled at a red heat in iron retorts. The liquid which 
distils over is poured off from the tar and redistilled. 
The first portions which come over constitute wood- 
naphtha, then the acetic acid distils over. In order to 
separate it from the tarry matters with which it is mixed, 
it is neutralized by lime, which combines with the acetic 
acid, forming calcium acetate. The tar rises to the sur- 
face of the liquid, and is skimmed off while the solution is 
evaporated to (kyness. The dry residue, containing 
calcium acetate, is gently roasted to get rid of impurities, 
and is then decomposed with hydrochloric acid, when 
acetic acid distils over — 

Ca2C2H30a + 2HC1 = CaCla + 2HC2Hs08. 

Alcohol is converted into acetic acid by most oxidizing 

agents, and by the oxygen of the air in presence of finely 

divided platinum, or of certain ferments, wHch induce 

the acetic fermentation. If wine or any alcoholic liquid 
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be mixed wiiih some vinegar and yeast, and kept in loosely 
closed vessels at a temperature of about 25*", the alcohol 
18 gradually converted into vinegar or acetic acid. Or 
the change may be brought about more quickly, by allow- 
ing the alcoholic liquid to trickle slowly down a sort of 
> stack or wall formed of loose wood shavings, saturated 
with vinegar, through which the air blows freely. 

In order to obtain pure acetic acid, strong vinegar is 
saturated with sodium carbonate and evaporated to dry- 
ness The sodium acetate so obtained is distilled in a 
retort with concentrated sulphuric acid. 

Pure acetic acid is a colourless liquid, which smells and 
tastes strongly acid, and which boils at 118°, and (if free 
from water) freezes at 17**. It mixes with water in every 
proportion. 

We have seen that an acetate is formed by the action 
of caustic potash on acetonitrile, or methyl cyanide. 
Another method by which an acetate can be obtained 
from the methyl series is by the action of carbon dioxide 
on a compound which methyl forms with sodiimi, and 
which contains CHgNa, according to the following equa- 
tion — 

CO2 + CHgNa = NaCaHaOj. 

Several methods are known by which we can obtain 
the alcohol from the acid ; for example, ordinary alcohol 
from acetic acid. It is thus possible to obtain ethyl com- 
pounds from methyl compounds, and by similar processes 
to obtain propyl compounds from ethyl compounds, and 
so to pass up the series. 

The most important salts of acetic acid are the fol- 
lowing : — 

Potassium acetate^ KCgHgOgjCrystcdlizes with difficulty, 
and is deliquescent. 

Sodium acetate, '^M^jd^'H.fiy crystallizes easily. 

Aluminium acetate and/emc acetate are used as mor- 
dants in dyeing. 

Lead acetate, l^h20^fi2dS2O (sugar of lead)^ ia ^r^ 



occurs in the root of the 
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pared by dissolving lead oxide in dilute acetic add and 
crystallising. It is easily soluble in water. 

Propionic acid, *{ ^ tt Potassium propionate, as 

already mentioned, is obtained by the action of caustic 
potash on propionitrile or ethyl cydnide. By distilling it^ 
with sulphuric acid, propionic acid is easily obtained. 

Butyric acid, -{ ^ xr , is produced when sugar undei^oes 

a peculiar kind of fermentation, called the butyric fermen- 
tation. 

Valerianic a^dd, ) c" TT ' 

valerian plant. It can also be obtained by oxidizing 
amyl alcohol. 

The remainder of the acids of this series are of little 
importance, until we come to the higher members of the 
series, those, namely, which are contained in fats. It is 
from them that the whole series receives the name — 

73. Patty Acid Series. — ^The principal ones are palmitic 
and stearic acids, which are contained in various propor- 
tions in several common fats and oils, such as suet, lard, 
olive oil, palm oil, spermaceti, &c. If we take mutton- 
suet, for example, and heat it with about ten times its 
volume of ether, we obtain a solution which, on cooling, 
deposits pearly scales of a substance called stearin. The 
ether retains, in solution, two somewhat similar sub- 
stances, called olein and palmitin. The stearin so ob- 
tained contains Cg^H^^QOg. If it be mixed with solution 
of caustic potash, and the solution be heated, best by 
blowing steam into it, the stearin is decomposed with 
the formation of a soap, and the separation of glycerin — 

ayHupOe + 3KH0 = CsHgOa + SKCigHaBO,. 
Stearin. Glycerin. Potassium stearin. 

The potassium stearate, which is a soap, can be sepa- 
rated by saturating the solution with common salt, when 
the soap forms a cake on the surface of the liquid. In 
the same way, each of the fats is decomposed by this 
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process, which is termed saponification, into glycerin, and 
the alkaline salt of Si fatty acid. If the potassium stearate 
be then decomposed by adding hydrochloric acid to its 
hot solution, the stearic acid is separated, and forms a 
layer on the top. 

74. Stearic Acid, { ^^^^ or^is^f ssg 1 o, is a white solid 

substance, which crystallizes from its solution in ether 
in pearly plates. It is insoluble in water. It melts at 
70" C. It is now prepared on a somewhat large scale, 
to be used in making the so-called stearin candles. It 
forms salts, most of which are insoluble in water; but 
the alkaline stearates are soluble. Sodium stearate con- 
stitutes the bulk of ordinary hard soaps. 

Stearic acid and glycerin form three different com- 
pounds termed stearins. They are as follows : — 

Monostearin, CisHsgO > O3. 

Bistearin, (CisHggOL > Og. 

It is tristearin which constitutes the bulk of mutton 
suet. 

75. Palmitio Acid,(^^]^^ or^^HsiO Jq^ i^ contained 

in pahn oil and in spermaceti. It may be obtained from 
palm oil by saponification, when the oil yields glycerin, 
and the alkaline palmitate. 

(O&h \ ^' + ^^^*^ = °'h: ! 0» + 3KC,eH3A. 

Palmitin. Glycerin. Potassium palmitate. 

The constitution of spermaceti is peculiar. It is not a 
derivative of glycerin at all, but is the palmitate de- 



74 OtlGANlC CHEMISTRY. 

rived from cetyl alcohol or cetjl palmitate; oontainiTig 

76. Oleic Acid, ^18^33^ 1 q, does not belong to the fetty 

acid series, but to a closely related series. It forms, with 
glycerin, a fat called olein, CgyH^Q^O^, which is a Hquid, 
and constitutes the bulk of olive and many other oOa 

(HO 

77. Glyoerin, C3H5 < HO, is obtained, as we have seen, 

(ho 

by the saponification of many natural fats. It is largely 
obtained as a by-product in the manufacture of soap. 
It was originaUy obtained in the preparation of the com- 
mon lead-plaster, by decomposing olive oil with lead- 
oxide. The insoluble lead-soap was precipitated, and the 
glycerin remained in solution. Pure glycerin is now 
obtained by decomposing fats with super-heated steam. 
The fats at the high temperature employed react with 
water, splitting up into glycerin and the fatty acids 
which distil over together with water, and separate into 
two layers in the receiver. 

Glycerin is a colourless viscid liquid of specific gravity 
1 '27, of an intensely sweet taste. It is soluble in water in 
all proportions. It cannot be obtained solid, nor can it 
be distilled without decomposition. In presence of water- 
vapour, however, it distils tolerably easily. Dilute nitric 
acid oxidizes glycerin, with formation of the acid termed 
glyceric acid. Concentrated nitric acid converts glycerin 
into the terribly explosive nitroglycerin, CgH5(N02)303, 
the so-called glonoin, employed for blasting purposes. 

Glycerin is a triatomic alcohol — that is, instead of 
being derived like ordinary alcohol, from one molecule of 
water by the replacement of one atom of hydrogen by a 
monatomic radical, it is derived from three molecules of 
water by replacing three atoms of hydrogen by the tri- 
atomic radical O3H5 ; or it may be considered as a com- 
pound of O3H5'" with three molecules of hydroxyl. 
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It may be well to place together the for^nulse of some 
monatomic, diatomic, and triatomic alcohols — 

Monatomic. Diatomic. Triatomic. 

CoHg'Ho, b.p. 78°. CaH/Hoa, b.p. 197°. 
Ethyl alcohol. Glycol. 

CjHy'Ho, b.p. 96°. CsHe^Hog, b.p. 188°. C3H5"'Ho3. 
±*ropyl alcohol. Propene glycol. Glycerin. 

C4H9'Ho, b.p. 109°. C4H8"Ho2, b.p. 183°. 
Butyl alcohol. Butylene glycol. 

CgHii'Ho, b.p. 132°. C5Hio"Ho2, b.p. 177°. CgHg^'Hoa. 
Amyl aJcohol. Amylene glycol. Amyl glycerin. 

It will be noticed that while the boiling point increases 
as we pass up the monatomic alcohol series, it decreases 
in the glycol series, which thus forms an exception to the 
ordinary rule. 

78. Glycol, CgH^Hog, is obtained from ethylene by form- 
ing first the dibromide, and then acting on this with silver 
acetate— 

CsH4Bra + 2AgCaH802 = C2H42C3H3O2 + 2AgBr. 

Ethylene diacetate. 

The ethylene diacetate is then decomposed by caustic 
potash — 

C2H42C2H3O2 + 2KH0 = C0H42HO + 2KC2H3O2. 
Ethylene diacetate. Glycol. 

Glycol is a colourless thick liquid, of specific gravity 
1*125. It is soluble in water. When oxidized by means 
of spongy platinum it yields glycoUic acid, and when 
further oxidized — ^for example, by hot nitric acid — ^it 

yields ozalic acid — 

JCHjHo JCH3H0 JCOHo 

i CH3H0 I COHo I COHo 

Glycol. Glycollio acid. Oxalic acid. 

79. Benzoic Acid, *{ c H ^' ^^®® ^^^ belong to the fatty 

acid series, but to the aromatic compounds. 

It occurs in many resins, particidarly in gum henzoirif 
from which it can be obtained by simple sublimation. 
The gum benzoin is placed in a shallow iron dish, which 
is covered with paper in which holes have been pieroed^ 
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and which acts as a sort of filter. Over this is placed a 
cone of paper which acts as a receiver. On heating the 
iron dish in a sand bath the benzoic acid volatilizes, and 
forms shining needle-shaped crystals inside the paper 
cone. 

Benzoic acid is also obtained by the oxidation of 
bitter almond oil. It also results from the oxidation of 
many other aromatic substances, such as benzyl alcohol, 
toluol, ko. 

Benzoic acid is produced by the simultaneous action of 
sodium and carbon dioxide on phenyl bromide — 

CgHgBrj + 2Na + CO, = NaBr + CeHjCONao. 
Phenyl bromide. Sodium benzoate. 

A reaction which may be compared with the production 
of sodium acetate by the action of carbon dioxide, on 
CHgNa, already mentioned. Phenyl cyanide is decom- 
posed by caustic potash yielding benzoic acid, just as 
methyl cyanide yields acetic acid — 

CeHjCN + KHO + H,0 = NHj + CsHbCOKo. 

Benzoic acid crystallizes in long flexible needles of a 
glittering white. It melts at 120°, and boils at 250*. 
It is only slightly soluble in cold water ; more easily in 
hot water, and in alcohol. 

Benzoic acid is monobasic ; its salts are mostly soluble 
in water. With ferric chloride they give a red precipi- 
tate of ferric benzoate. 

As already mentioned, sodium benzoate, distilled with 
caustic soda or with lime, yields benzol — 

jgf^- H- HNao = CONao.+ je,H. 

Sodium benzoate. Sodium hydrate. Sodium BenzoL 

carbonate. 



H 



80. Lactic Acid^OgHgOg; graphicformula, 
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Ordinary alcohol is derived from the saturated hydro- 
carbon, CgHg, by the replacement of one atom of hydrogen 
by hydroxyl, giving C2H5H0. There exists, however, a 
compound — a sort of alcohol — called glycol, which is 
derived from CgHg by replacing two atoms of hydrogen 
by Ho — Shaving, therefore, the formula, CgH^Hog. 

Ordinary alcohol, by oxidation, gives only one acid — 
acetic acid — which is monobasic. Glycol, on the other 
hand, gives, by oxidation, two acids — one monobasic, 
called glycoUic acid; and the other dibasic, which is 
OQcalic add. 

In like manner, from the saturated hydrocarbon, 
CgHg, is derived a glycol called propylene glycol, which, 
by oxidation, yields two adds, and the first of these — 
the monobasic one — ^is lactic acid. These relationships 
may be seen from the following table, which should be 
carefully studied : — 

Alcohols. MonobaRic Acids. Dibasic Acids. 

J CH3H0 J CH3H0 J COHo 

\ CH2H0 } COHo \ COHo 

Glycol. GlycolHc acid. Oxalic acid. 

CH,Ho ( CH2H0 ( COHo 

CH, \ CHj \ CH. 

CHjHo ( COHo ( COHo 

Propylene glycol. Lactic acid. Malonic acid. 

Lactic acid is contained in sour milk. It is formed 
from sugar by a particular kind of fermentation. The 
method of preparing it is as follows : — ^Three kilogrammes 
of sugar and 15 grs. tartaric acid are dissolved in 17 
litres of boiling water, and, after standing some days, a 
mixture of 100 grs. of decayed cheese in 4 litres of sour 
milk is added, together with 1200 grs. zinc oxide, and 
the whole is allowed to stand for eight or ten days at a 
temperature of 40° to 45°. The lactic acid formed dis- 
solves the zinc oxide, forming zinc lactate. When the 
mixture has stood long enough it is heated to boiling 
and filtered^ and the filtrate evaporated^ when sdno 
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lactate crystallizes out. It is purified by recryBtalliza- 
tiou, and then dissolved in water, and a stream of snl- 
l)hui*etted hydrogen passed through the solution. Zinc 
sulphide precipitates, and lactic acid is set free — 

Z112C8H5O3 + HjS = ZnS + 2 CaHA- 

The solution of lactic acid is once more evaporated on 
the water-bath, the residue dissolved in a smaU quantity 
of water, and the solution shaken with ether, which dis- 
solves the lactic acid. On pouring off Hie ethereal 
solution and evaporating, pure lactic acid remains as a 
colourless syrupy liquid, which cannot be distilled without 
decomposition. All the lactates are soluble in water. 
The alkaline lactates do not crystallize; calcium lactate^ 
Ca(CgH50g)g5H20, crystallizes tolerably well; but 2dnc 
lactate, Zn(C3H50g)23H20,is the most characteristic salt, 
crystallizing in brilliant four-sided prisms. 

81. Ethereal Salts. — ^The salts which the organic acids 
fonn with the alcohol radicals themselves remain to be 
spoken of. 

82. Methyl Oxalate, (0Hg)2C204, is a crystalline com- 
pound, which is sometimes prepared as a means of obtaining 
pure methyl alcohol. It is easily obtained by the action 
of oxalic acid on methyl alcohol. Wood spirit is mixed 
^vith sulphuric acid and potassium binoxaJate, and dis- 
tilled in a retort. As soon as crystals of the oxalate 
begin to form in the neck of the retort the receiver is 
changed, and the distillation continued as long as fresh 
crystals form. The crystals are pressed between filtering 
paper, mixed with water and redistilled, when pure 
methyl alcohol (mixed with water) distils over, and 
oxalic acid remains behind in the retort. 

83. Methyl Acetate^ CHgC2Hg02, is a pleasant-smelling 
liquid, which boils at 55**. It is obtained by distilling 
methyl alcohol with a mixture of sodium acetate and sul- 
phuric aoid. 

84. E:hyl Ponniate, CgHgOHOg, is isom-feric with the 
foregoing, and boils at the same point, 55^ It is, how- 
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ever, easily distinguished, as it is decomposed by caustic 
potash into potassium formiate and alcohol, while methyl 
acetate yields potassium acetate and methyl alcohol. 
Ethyl formiate may be prepared by distilling sodium formi- 
ate with alcohol and sulphuric acid. It has an agreeable 
smell of peaches. 

85. Ethyl Acetate, CaHgOgHgOg.— This substance, 
commonly called acetic ether, is produced by the action 
of acetic acid on ethyl alcohol — 

HC2H3O2 + C2H5HO = CaHgCaHgOa + HgO. 

In order to prepare it, a mixture is made of one part of 
absolute alcohol with three parts of concentrated sul- 
phuric acid. These are mixed carefully, and allowed to 
stand twenty-four hours. Sodium acetate is melted and 
allowed to cool, and two parts of this, in small pieces, 
are placed in a retort. The mixture of sulphuric acid 
and alcohol is poured on this, allowed to stand for 
twenty-four hours, and then distilled. The distil- 
late is pure acetic ether, which may be dried over 
calcium chloride and redistilled. Ethyl acetate is a 
colourless liquid, possessing a pleasant refireshing smell, 
and boils at 74°. 

86. Ethyl Butyrate, CgHgC^H^Og.— Butyric ether is 
obtained by distilling together sodium butyrate, alcohol 
and sulphuric acid. It boils at 119°, and has a pleasant 
smell of pine-apples. 

87. Amyl Acetate, CgHiiCgHgOg, is obtained by distilla- 
tion of amyl alcohol with sodium acetate and sulphuric 
acid. It boils at 140°, and has a pleasant smell of pears, 
whence its use for flavouring confectionary. 

88. Spermaceti belongs to this class of ethereal salts or 
compound ethers, inasmuch as it is cetyl paknitate, hay- 
ing the formula {Oi^^^C^Q^L^fi^' 

89. Anhydrides of the Organic Acids. — ^The organic 
anhydrides bear the same relationship to the correspond- 
ing acids, as the inorganic anhydrides do to the inorganic 
acids. For examph 
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MoNATOMic Acids. 



o 



H 
H 



Typo. Acid. 

NO, 

n , 

i Nitric acid. 

o ■ 
C,H^ j 

.Acetic acid. 



Anhydride. 

NO, \ ^ 

Nitric anhydride. 



aH,o 







C2H3O . 

Acetic anhydride. 



K 



H, 



MO. 



Diatomic Acids. 
so, jo, so. 

Sulphuric acid. Sulphuric anhydride. 

^*^fl j O, C4H A 
w Succinic acid. Succinic anhydride. 

C2H3O 

action of acetyl chloride on sodium acetate — 

Na 



Q) 

90. Acetic Anhydride, (fj^Qf^t is obtained by the 



CaHaO 



+ 



O. 



CaHaO ) Na ) . CgHgO 

CI 1 - CI i ■*■ C2H3O , 
Acetyl chloride. Acetic anhydride. 



Acetic anhydride is a mobile liquid, boiling at 137°. 
It dissolves in water, forming acetic acid-^ 



cf^\o +gio 



CjHsO 



o +cAor- 



91. Acetic Oxychloiide, or acetyl chloride, C2H3OCI, is 
obtained by the action of phosphorous oxychloride, P0CI3 
on sodium acetate — 

CHgOt I "^ ^^^^ = Na3P04 + 3C2H3OCI. 
Sodium phosphate. 

Acetyl chloride is a liquid which boils at 55^. It is 
decomposed by water into hydrochloric and acetic acids. 

The oxy chlorides and anhydrides of several other acids 
of this series have been obtained. 

92. Benzoic Oxychloride, C7H5OCI, is obtained by dis- 
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tilling together benzoic acid and phosphoric chloride, 
when the following reaction takes place — 

C7H5OHO + PCI5 = C7H5OCI + Ha + poag. 

^ K , , » . 



Benzoic acid. Phosphorous oxychloride. 

The mixture of benzoic oxychloride and phosphorous 
oxychloride may then be distilled with sodium benzoato, 
when the phosphorous oxychloride is decomposed, yielding 
again benzoic oxychloride, as shown in the following 
equation — 

SNaCyHBOa + POCls « 3C7H5OCI + NagPO^. 
Sodimn benzoate. Sodium pnospoate. 

Benzoic oxychloride is a colourless liquid, possessing 
an irritating odour. It boils at 195°. 

C H O ) 

93. Benzoic Anhydride, ^^q [ O, is obtained by 

acting upon sodium benzoate with benzoic oxychloride— 

C7H5O 1 ^ ^ CI 1 - CI 1 ^C^H^O 5 ^• 

It is a white solid, which fuses at 42°, and boils at 310^ 

94. Snccinic Anhydride, C^H^Og, may be taken as an 
example of the anhydride of a dibasic acid. It is ob- 
tained from succinic acid by simply abstracting water, 
which may be effected by distilling the acid with phos- 
phoric anhydride — 

C4H4O, I Q^ ^ g^Q ^ C4H4O/O. 

Succinic acid. Succinic anhydride. 

95. Amines are substances derived from ammonia by the 
replacement of one or more atoms of hydrogen by alcohol 

radicals, as phenylamine (aniline) — H >N, derived 



Y- 



C6H5) 
iline)— H VN, 



H 
from H V N. Amines, derived from only one molecule of 

H 
ammonia, are termed monastineB ; those from two moW 

11b ? 
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cules, diamines; andfromthreemoleculesytriamines. Thus 

phenylamine is a monamine; the substance OoH/ { in 

H ( N, 
H ) 
which the diatomic radical CgH^, unites the two mole- 
cules of ammonia, is a diamine, and so on. The mona- 
mines are further teimed jpnwwwy, aeconda/ry^ or tertiary , 
according as one, two, or three atoms of hydrogen in 
the original ammonia, are replaced by alcohol radicals. 

Thus H VN, ethvlamine, is a primary monamine; 
H 

0^^ V N, or diethylamine, is a secondary monamine ; and 
H 

^2^6 ... 

CgHr, J> N is a tertiary monamine. It is not necessary 

C2H5 

that the same radical should replace all the hydrogen atoms, 

so that we may have amines containing two or three 

different organic radicals. Thus we have the secondary 

monamine, methyl ethylamine, CH3 >N, and the ter- 

H j 

tiaiy monamine, methyl eihyl amylamine, GH, VN. 

One general method by which the amines can be ob- 
tained consists in acting upon ammonia with the iodide 
of an alcohol radical, and then decomposing the substance 
obtained by distillation with caustic potash. Thus if 
ethyl iodide be heated with an alcoholic solution of am- 
monia, the two combine, according to the equation — 
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This substance — ethyl-ammonium iodide — is decom- 
posed by distillation with caustic potash, yielding ethyl- 
amine — 



CqHi 



,g.> 



H 
H J 



C2H5 



[■NI + KHO = KI + HaO+ H J N. 

H 




If this ethylamine be digested a second time with 
ethyl iodide, and the compound obtained be distilled 
with caustic potash, diethylamine is obtained — 

N + C2H3l= ^«gnNI. 

H . 

^«5« [-NI + KHO = KI + H2O + CjHg [ N. 
H J ^ ' 

By repeating these processes once more, CgH^ V N, 

triethylamine is obtained. If now triethylamino be 
treated with ethyl iodide, the two combine, forming 

C H f 

tetrethyl-ammonium iodide, p^Tx^ >NI. 

This substance is not decomposed by caustic potash; 
but, if a solution of the substance be treated with silver 
oxide, it is decomposed with the liberation of tetrethyl- 
ammonium hydrate — 

(C2H5)4NI + AgHO = Agl + (C,Hb)4NH0. 

The new substance is a solid, possessed of very strong 
basic properties. Like caustic potash, it absorbs car- 
bonic anhydride and water from the air, and, like it, 
will saponify fatty substances, and precipitate metallic 
hydrates from solution of their salts. The substance is " 
specially interesting, because it corres]jonda exactly ts^ 
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the hypothetical ammonium hydrate, which has never 
been obtained. 

Another general method of obtaining these amines is 
to decompose the cyanates of the alcohol radicals with 
caustic potash. If potassium-ethyl sulphate be distilled 
with potassium cyanate, a pungent volatile liquid is 
obtained, which contains CgHjCNO. K this be decom- 
posed by caustic potash, pots^ssium carbonate and ethyl- 
amine are obtained — 

CaHgCNO + 2KH0 = KjCOj + CHgNH,. 

Ethyl cyanate. Ethylamine. 

This is, in fact, the method by which these substances 
were first obtained. 

96. Methylamine^ H VN, is a gas at ordinary tem 

H j 

peratures, but is condensed to a liquid in a freezing mixture. 
It strongly resembles ammonia, having the same pungent 
odour and intense alkaline reaction. It fumes with 
hydrochloric acid, but, unlike ammonia, bums easily. It 
is remarkable as being the most soluble gas known, form- 
ing a solution which precipitates metallic salts in the 
same way as the ordinary solution of ammonia does. 
Like ammonia, it dissolves copper hydrate, forming a 
deep blue solution. Methylamine hydrochlorate forms, 
with platinum chloride, a soluble compound (insoluble in 
alcohol), having the formula PtCl42CH3NH3Cl. 

Dimethylamine, (CH3)2NH; trimethylamine,(CH3)3N; 
and tetramethyl-ammonium hydrate, (CH3)4NHO, can 
be obtained by the processes mentioned above. 

97. Ethylamine, H V N, is a colourless liquid, boiling 

. ^ i. 

at 18 . It combines with hydrochloric acid, forming 

N(C2Hg)H3Cl, which, with platinum chloride, yields the 
double salt PtCl42N(C2H,)H3Cl. 

Diethylamine, (C2H5)2HN, boils at 57^. Triethyl- 
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amine, (C2H5)3N, boils at 91®. Tetrethyl-ammonium 
hydrate is a solid substance. 

98. Propylamine, C3H7H2N, is isomeric with tri- 
methylamine, (CHgjgN. The two may bo distinguished 
by treatment with an organic iodide such as ethyl iodide, 
and then with caustic potash. Propylamine will yield a 

C2H5) 

volatile base, viz., ethyl-propylamine, C3H7 VN; whilst 

trimethylamine will form with the ethyl iodide a com- 
pound not decomposable by caustic potash. 

Compounds analogous to those described are formed by 
phosphorus, arsenic, antimony, boron, and silicon with 
the alcohol radicals. 

99. Triethyl Phosphine, CgH. VP, is a colourless 

liquid, possessing a powerful smell. It boils at 127 . It 
is obtained by the action of phosphorus trichloride on the 
substance zinc ethyl (to be afterwards described) — 

3Zn } &S« + 2PCI3 - SZnCla + 2P ) C^kI 
< ^s^« ( CjHg 

100. Arsenic Bases. — Arsenic is triatomic K the 
three atoms of chlorine in arsenic chloride be successively 
replaced by methyl, we obtain the following compounds : — 

ASCI3, Arsenic trichloride. 

AsCHgCla, Arsenmonomethyl chloride. 

As(CH3)2Cl, Arsendimethyl cloride. 

A8(CH3)2, Trimethylarsine. 

101. Trimethyl Arsine is a colourless liquid which 
boils at 120^ 

102. Arsendimethyl. — As(CHg)2 is a monatomic radi- 
cal, and has in the free state the formula < * /nn 1 * 

It has received the name cacodyl, in allusion to its dis- 
agreeable odour. It is a colourless liquid boiling at 170% 
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It forms an oxide As^(CH^X)f obtained by heating 
arsenous anhydride with potassium acetate. The action 
of hydrochloric acid on this yields cacodyl chloride^ whidi, 
on treatment with zinC; yields cacodyl itselfl 

2A8(CH,),a + Zn = ZnCl, + SAbCCH,).. 
Cacodyl chloride. CaoodyL 

Cacodyl and its compounds are fearfully poisonous. 
Cacodyl itself exhibits the rematkable property of spon- 
taneous inflammability, taking fire on exposure to the 
air. It must therefore be prepared and preserved in 
vessels from which the air is excluded. 

103. Cacodyl Cyanide is a beautifuUy crystalline sub- 
stance, which is, however, one of the most deadly poisons 
known. 



^2^5 



} 



104. Triethyl Stibine^ C^H^ }* Sb, is a Uquid, boiling at 

158 , which takes fire spontaneously in the air. Boron 
forms with ethyl the compound boiethyl, (02H5)3B, and 
silicon forms silicon ethyl, which contaLis {C^^)^SL 

Ethyl forms with zinc the compound zinc ethyl 
Zji(QyH.^).2f a liquid which boils at 118°, and which 
takes fire when it is exposed to the air. Mercury forms 
Hg(C2H5)2, an excessively dangerous poison ; lead forms 
rb(CoHj)2 ; and sodium foiTns NaC2H5. 

105. Amides and Nitriles. — If thehydrogen in ammonia 
be replaced, not by an alcohol radical, but by the oxidized 
radical of an acid, we obtain an amide instead of an 

amine. Thus from acetic acid, ^\t \ O, we obtain 

acetamide, H > N ; or an amide may be said to be 

derived from an acid by replacing the hydroxyl of the group 
COHo, which every acid contains, by the monatomic group 

NH^; so from acetic acid, < cOHo' ^^ obtain acetamide, 
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CofNH y ^^® amides, like the amines, are divided, 

first, into monamides, diamides, and triamides, accord- 
ing as they are derived from one, two, or three molecules of 
ammonia ; and then into primary, secondary, and tertiary. 
Thus we have the primary monamide, CgHgONHg, or 
acetamide ; the secondary monamide, (C2H30)2NH, or 
diacetamide ; and the teiidary monamide, (C2H30)3K, or 
triacetamide. 

The amides can be obtained by abstracting the elements 
of water from the ammonium salts of the organic acid. 
Thus, if water be withdrawn from ammonium acetate wo 
obtain acetamide — 

CM JO 



^^30|o=H,0+ ' *H 



}-■ 



Ammonium acetate. Acetamide. 

If we proceed further, and by distilling the acetamide 
with phosphoric anhydride, remove another atom of 
water, we obtain the substance called acetOBitrile — 

CoHsO ) 

H [ N = HoO + C2H3N. 

H ) Acetonitrile. 

Acetamide. 

Acetonitrile may be regarded then a« a compound of 
nitrogen with the triatomic radical ethenyl, CgHg'". K 
we take oxalic acid, we can obtain in the same way 
oxamide and oxalonitrile. Oxalic acid being dibasic, 
oxamide is one of the diamides — 



Ammonintn oxalate* Oxamide. 

ao/ 



'> 
T 



N2 = 2H20 + CjNj 

Oxamide. Oxalonitrile. 

Oxalonitrile is the subBtoaco «Ik^»i^ ^^^sstfsSto^ ^j^ 
cjranogeiL 



CHO\ 
lO&noMaudt. H^X^alkiiiidboiliiigail94-. It 

Hi 
ii obcustfii bj xhn acdoa of ecbjl fnmiiate on Mwwimiti*. — 



Br bouiiL; wnh p^Msphonc AnhTdride, it is converted 
inio /onmi»H*itnlfy which is identical with hjdrocjraiiic 



hJx = H-O + CHS. 
FdRnanude. FanmanitiilB. 

107. Aeetaaid^ H ^X, k best obtained by the 
acdoQ of ammonui on acetic ether — 

Acetic etlier. Acetamide. 

Aoetamide is a white solid, melting at 78** C, and 
boiling at 221^ When distilled with phosphoric anhj- 
dride, it loses water, and is converted into acetonitrile. 

108. Acetonitriley C2H3N, is a liquid, boiling at 77**. It 
is isomeric, bat not identical with the true methyl cyanide, 
which is a liquid boiling at 58**. Acetonitrile is decom- 
posed by caustic potash, yielding ammonia and acetic 
acid — 

C,H,N + KHO + H,0 = NjH, + KC.HjO,. 

In the same way, propionitrile has the same formida 
as ethyl cyanide, butyronitrile as propyl cyanide, and 
80 on. 



C,H,0 



In, is 



109. Benzamide, H > N, is obtained by the action 

H 
of ammonia on benzsoic oxychlorid( 
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C7H5OCI + NH3 = HCl + H^N. 

H 

It is a white solid, which melts at 115" C. 

110. Benzonitrile, CyH/'N, can be obtained by distilling 
benzamide with phosphoric anhydride. It is a liquid 
which boils at 19F. It is decomposed by caustic pot- 
ash, yielding ammonia and potassium benzoate — 

CVHgN + KHO + H2O = NHa + ^^^ I 0. 

Phenyl cyanide is isomeric with this, but different in 
properties. It is not decomposed by alkalies, but is by 
acids, yielding formic acid and aniline — 

CgHgCN + 2H2O = CHaOj + CgHyN. 

C A ) 

111. Ozamide, Ho > No, may be obtained either by dis- 

. . . H J 

tilling ammonium oxalate, or by acting on oxalic ether 
with ammonia — 



Oa + 2NH3 = NJHj 



Oxamide is a solid substance, which loses water on 
heating with phosphoric anhydride, passing into oxaloni- 
trile ; and which takes up water on heating with it under 
pressure, passing into ammonium oxalate — 

CO') 
112. Carbamide or Urea, H„ >]^2>^^^<^^<^'^^^<^^i^^^ 

from carbonic acid, the formula of which may be written 

PqI > Og. Urea is found in considerable quantity in the 

urine of mammalia, and may be obtained artificially in 
Beveral ways. Its mode of formation from ammonium 
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cyauate has been already mentioned. It may also Le 
obtained by the action of ammonia on carbonic ether — 

^^'cS']^^ + 2NH3 = H,|n, + 2^5 1 0; 

or by the action of meixjunc oxide on oxamide — 
COJ CO ) 

■n,[N, + Hgo = Hg + cOj + hAn^ 

Urea crystallizes in long needles, which are soluble in 
water and alcohol. 

When heated with water in closed tubes, it produces 
ammonia and carbonic acid. 

Urea is decomposed when heated in dry hydrochloric 
acid with formation of cyanuric acid — 

3^H4Jo + 3HC1 = 3NH,a + ^nI !/>»• 
Urea. Cyanuric acid. 

118. Vegeto-Alkaloids. — Certain plants contain nitro- 
genous substances, possessing basic properties, which are 
probably compound ammonias, though they have not 
been artificially prepared. 

Some few contain only carbon, hydrogen, and nitrogen, 
but most contain also oxygen. 

They nearly all combine with hydrochloric acid and 
platinum chloride to form double salts, which are com- 
monly insoluble in water, or only difficultly soluble. 

114. Conine, CgH^gN, is contained in hemlock. It is 
a colourless liquid, boiling at 163°, and which is 
poisonous. 

116. Nicotine, Cj^Hj^Ng, is obtained from tobacco. It 
is a very poisonous oil, which boils at about 250°, being 
partly decomposed. 

116. Piperine, Cj^Hj^NOg, is contained in pepper. By 
distillation with caustic potash it yields piperidine, 
CgHjjN, a liquid boiling at 106°, and smelling of am- 
moma and pepper. 

JJZ Opium Alialoids.— Opium \b t\ift ^A^^ '^>x^^ ^^ 
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certain kinds of poppy. It contains an ftciJ called 
meconic aend, and Beven alkaloids — 

Morphine, ■L'i,H,„NOj. 

Codeine, CijHyNOj. 

Thebaine, Ci„H,jNO,, 

Papaverine, CaoH-.NOj. 

Narcotine, C„H,iNO;. 

Cryptopine, OjjH.jNOj. 

Naroeme, O^jH^jNOj. 

Of these morjihine is the most important, though moBt 
of the others have also a strong action on the animal 
system. 

118. Korphine. — ^The best opium contains about 12 per 
cent, of morphine. In order to extract morphine fi-om 
opium, an ii^aion of the drag in water is made, and 
filtered through linen. The clear solution is concen- 
trated, and mixed with chalk to render it neutraL 
Calcium-chloride solution is then added, when a preci- 
pitate of calcium meconate is obtained, and morphine 
hydrochlorate remains in solution. The liquid is filtered 
and evaporated, when, on cooling, crystals of morphine 
hydrochlorate separate out. 

Morphine requires 1000 times its own weight of cold 
water to dissolve it, but it dissolves easily in alcohol. It 
is insoluble in ether and ia chloroform. Morphia may 
be detected by the production of a blue colour when 
neutral solution of ferric chloride is added. Kitric acid 
colours morphine yellow; a misturo of nitric and 
sulphuric acids colours it green. 

Morphine is a vahiable medicine in small doses. It 
acts as a sedative ; but in large quantities is a narcotic 
[Kiifion. 

It forms salts, which crystallize well. 

The hydrochlorate contains C,,H,„NOgHCl ; the sul- 
phate, (Q;H„NOg)jHjSO«. 

119. Sirfcnniiie and Braeine are contained in the seeda 
of n\tx vomica, and in St. Ignatius'a bean. They both, 
act as violent poisons, coufiing d«e.& Vilik. \KJiaxas. ^k^ 
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120. StrychninecontamsC^iHgsNjOj^ TheStlgnaiaiiB 
bean contains 1 or 2 per cent, of stryehnine. StEydminB 
ciTstallizes easily. It is insolnble in alcohol, and water 
takes up only ^oVir ^^ ^^ weight, forming, however, an 
intensely bitter solution. Strychnine forms salts, ^]aeb. 
cn'stallize easily. Strychnine can be detected, even in 
very small quantity, by the violet colour piroduoed by 
the action on it of sulphuric acid and potassiuni Mchro- 
mate. 

121. Brucine contains CjsH^qNjO^ ; it is more soluble 
in water and alcohol than strychmna It is a usual im- 
purity in commercial strychnine. It may be detected by 
the bright red colour it produces when moistened with 
nitric acid. (Brucine forms also a delicate test for nitric 
acid). 

Brucine is somewhat less poisonous than strychnine. 

122. Quinine, C^oHg^NjO^, is contained, together wiiih 
cinchonine, in Peruvian bark, the bark of several species 
of cinchona. The cinchonas are natives of Peru, but aie 
now grown in India and Java. To extract quinine the 
bark is boiled with dilute sulphuric add, whicdi dissolves 
out the quinine and cinchonine as sulphate& To the 
filtered solution, sodium carbonate is added, and the pre- 
cipitate containing the bases is treated with hot alcohoL 
On cooling, the bulk of the cinchonine crystallizes out, 
and the quinine remains in solution. To complete the 
separation the alkaloids are converted into' sulphates and 
crystallized. The quinine sulphate, which is least soluble, 
crystallizes out first, and the quinine itself may be preci- 
pitated by adding ammonia to the solution of the sulphate ; 
or quinine may be separated from cinchonine by means 
of ether, in which quinine dissolves, whilst cinchonine is 
insoluble. 

Quinine requires 350 times its own wefight of water 
to dissolve it. It dissolves much more easily in alco- 
hoi. Quinine is employed in medicine principally as 
quinine sulphate (C2oH2oN202)2H^SO., a salt which is only 
Bpanngly Boluble in water, but diaaolvea eiasSiy m (^\x\a 
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snlpliuric acid. Solutions of quinine exhibit the pheno- 
menon of fluorescence very distinctly, giving out a blue 
light when illuminated by sunlight. Quinine and its 
salts possess an intensely bitter taste. A solution of 
quinine has a peculiar action on polarized light trans- 
mitted through it, rotating the plane of polarization to the 
left. Quinine may be detected by the green colour pro- 
duced on adding to a solution of the sulphate, first, 
chlorine water, and then ammonia in excess. 

123. Cinchonine, C20H24N2O, does not possess the same 
valuable medicinal properties as quinine. It has a bitter 
taste like quinine, and is a strong base, forming salts 
which are generally less soluble than the corresponding 
salts of quinine. Cinchonine produces an effect on polar- 
ized light exactly opposite to that pi-oduced by quinine, 
rotating the plane of polarization to the right. Cincho- 
nidine and cinchonicine are alkaloids isomeric with 
cinchonine. In like manner there exist two alkaloids 
isomeric with quinine, viz., quinidine and quinicine. 
These differ remarkably in their action on polarized light, 
as shown in the following table : — 

Left-handed. Bight-handed. 

Quinine, strongly. Cinchonine, strongly. 

Cinchonidine strongly. Quinidine, strongly. 

Quinicine, feebly. Cinchonicine, feebly. 

124. Theine or Cafeine, CgHj^K^Og, is contained in tea 
and coffee. Cocoa contains theobromine, C^HgN^Og, 
which differs from cafeine by containing CHg less. 

126. Atropine^ C^^HggNOg, is contained in belladonna. 
Its salts are highly poisonous. 

126. Sugars and Allied Substances. — These all appear 
to contain six atoms of carbon, or a multiple of that 
number, united with hydrogen and oxygen in the propor- 
tions in which they combine to form water. They may 
be divided into three groups, as shown in the following 
tables, where the action of eacla. 'vax\fe\»'^ otl Y^-ajcvaj^V^sgp^ 
is also stated : — 
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Group I. — Formula, CjsHjaOu. 

Caneragaror Sucrose, Ri^t-faanded. 

Milk sagar or Lactoso, Sight-handed. 

Mycose or Trehalozc, Eight-handed. 

Melezitose, Eight-handed. 

Mycose, Eight-handed. 

Group IL— Formula, C^^fi^ 

Grape sugar or Dextrose, Siffht-handed. 

Fruit sugar or lievnlose, Lm-handed. 

Galactose, , Left-handed. 

Sorbin, Left-handed. 

Eucalin, Left-handed. 

Groop III. — Formula, C^H^QOg, 

Starch, Right-handed. 

Glyco^ene, Eight-handed. 

Dextrine, Eight-handed. 

Inuline, Lm-handed. 

Gums. 
Cellulose. 

127. Cane Sug^, ^i2^22^ii» ^ * common product of 
plant life. It is obtained piincipally from ttie sugar cane, 
the beet-root, and the sugar maple. The expressed juice of 
the cane is mixed with milk of lime to neutralize free 
acid, then heated to boiling, and evaporated as rapidly as 
possible. On cooling, sugar crystallizes out. A second 
crop of crystals is obtained by further evaporating the 
mother liquor; the dark-coloured imcrystallizable sugar 
which is left behind is molasses or treacle. 

The brown sugar imported into England is subjected 
to the refining process in order to convert it into white 
loaf sugar. For this purpose it is dissolved in water, 
mixed with a little lime, and boiled. The dark-coloured 
liquid is then allowed to i-un through filters filled with 
animal charcoal, which has the power of absorbing the 
colouring matter, and a colourless syrup runs from the 
filters. This is then evaporated in vacuum pans — closed 
pans from which the air and steam is being continually 
removed by an air-pump. The syrup is thus evaporated 
at a low temperature, and the pre^\\d\c\»\ io\:K\»fdss^ ^^ 
sugar which will not crystallize ia avoided. 
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Sugar has a specific gravity of 1*60 C. It is soluble in 
oue-third of its weight of cold water, and is freely soluble 
in hot water ; it is nearly insoluble in alcohol. 

If a solution of sugar be long boiled, more especially if 
the solution be acid, a considerable portion loses the pro- 
perty of crystallizing, in consequence of the formation of 
the uncrystallizable levulose. Dextrose is formed at the 
same time. 

Sucrose. Dextrose. Levulose. 

The same change is brought about by yeast. Cane 
sugar is not itself capable of being fermented, but both 
dextrose and levulose are. 

Sugar is capable of combining with some inorganic 
bases and salts to form definite compounds. Thus lime 
is much more soluble in solutions of sugar than in water, 
in consequence of the foimation of the compound 
CigHggOjiCaO. A solution of cane sugar has a definite 
amount of action on polarized light, rotating the plane of 
polarization to the right, through an angle depending on 
the strength of the solution, and this property is made 
use of in determining the strength of sugar solutions 
during the refining process, &c. 

Gold is reduced from its salts by boiling their solutions 
with sugar. Copper in alkaline solutions is scarcely re- 
duced, a reaction which serves to distinguish cane sugar 

'from grape sugar. 

128. Milk Sugar occurs in the milk of mammalia, and 
is obtained by evaporating the sweet milk. It is not so 
soluble in water, nor so sweet as cane sugar. Its specific 
gravity is 1*64. It turns the plane of polarization to the 
right, but not so strongly as cane sugar. It does not 
fei-ment like cane-sugar ; but in presence of cheese, the 
peculiar fermentation tei-med the lactic takes place, lactic 
acid being formed. Lactose precipitates red cuprous 
oxide from alkaline solutions of cui^r\<i ^^^ ^-^i^clVsl*^^ 
cold. By boiling with dilute acVdB, \8j55\ftiSfc Ss^ ^<3^ss«sNi^ 

into the left-handed galactOBe. 
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129. Orape Sugary dextrose, C^Hi^O,, occurs in mosi 
rii»e fniilK, and in also a constituent of honey. It may 
\>c olitaiiunl from honey by treating it with cold alooliol, 
which dissr>lvcs out the more soluble levulose also con- 
tained in honey; and by reciystallization from boiling 
alojhol the dextrose may be obtained pui^ 

Staitrh may be converted into dextrose by boiling it 
witli a dilute acid ; and dextrose is manufactured in this 
^vily, on a somewhat large scale, by allowing a thin 
mixture of starch with water to flow gradually into a vat 
coiitsiining boiling dilute sulphiuic acid. Alter boiling 
for alx)ut an hour, the liquid is neutralized with chalk, 
the precipitate allowed to subside, and the clear liquid 
concentrated and allowed to crystallize. The change by 
which starch is converted into sugar consLstB simply in the 
assimilation of water — 

CoH„0, + H,0 = C,H„Ot. 
Starch. Glucose. 

Grape sugar is much less sweet than cane sugar. It is 
less soluble in water, but more soluble in alcohol. 

Grape sugar pi'ecipitates metallic silver from solutions 
of silver salts in the form of a brilliant metallic mirror. 
It also precipitates red cuprous oxide from an alkaline 
solution of a cop^^er salt, and can thus be distinguished 
from cane sugar. By using a standard solution of copper 
we can determine the quantity of grai)e sugar present in 
a solution. Dextrose has a strong action on polarized 
light, turning the plane of polaiization to the right. 

180. Levulose, Fruit Sugar or Inverted Sugar, CgHigO^ 
occurs in honey and many fniits, together with dextrose ; 
and is fonned, together with dextrose, by the action of 
acids on cane sugar. To prepare it, the cane sugar which 
h^s been treated with acid is mixed with lime, and filtered 
through linen. Ordinary grape sugar passes through, 
while the levulose remains behind in the form of fn 
insoluble compound with lime which may be decomposed 
with oxalic acid in oi*der to obtain the sugar. Levulose 
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rotates the plane of polarization to the left much more 
strongly when cold than when hot. 

It forms a colourless imcrystallizable syrup, more soluble 
in water than grape sugar, and sweeter. 

Sugar, in common with many other organic substances, 
undergoes fermentation under certain conditions. The 
fermentation is brought about by the presence of some 
ferment which sets up the decomposition — the part played 
by yeast in the ordinary alcoholic fermentation by which 
sugar is converted into alcohol. The products of fer- 
mentation vary with the nature of the substance 
subjected to the process, and with the nature of the 
ferment, so that we have several distinct kinds of fer- 
mentation. In the cdcoholic fermentation, alcohol and 
carbon dioxide are the principal products; the acetous 
fermentation yields acetic acid ; the lactic fermentation 
and the Jmtyric, lactic and butyric acids respectively. 
In many cases fermentation (and putrefaction, which is 
a kind of fermentation) seems to take place when no 
ferment has been added. It has, however, been shown 
that in these cases the fermentible substances obtain the 
necessary ferment from the air, and that minute living 
organisms, the sporules, which give rise to the fermenta- 
tion, are always floating about in the air. If the germs 
already present in any fermentible liquid be killed by 
exposing the liquid to a sufficiently high temperature, 
and if then the air be excluded, no fermentation or putre- 
faction takes place ; or if only air be admitted which has 
been passed trough thin red hot tubes, or which has 
been filtered through tightly packed cotton wool, then 
also no fermentation takes place. 

The various varieties of sugar possessing the formula, 
C^H^g^e ^"^ ^ capable of undergoing the alcoholic 
fermentation. Cane sugar also can be fermented in the 
presence of yeast, but it first of all takes up water and 
becomes grape sugar. 

The fermentation takes place only at a particular 
temperature, best at 25° or 30°. 
11 « Q 
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'riio following* equation represents the change — 

C',HisO, = 2C,HeO + 2CO„ 

Small quantities of glycerin and of succinic add are 
pnxluced at the same tima 

131. Starch, C^Hi^Oj., is contained in the roots, stems, 
and seeds of iiiai. j plants. It is ohtaincd from wheat, and 
other kinds of grain, and from potatoes, and other roots. 
Sago, Indian com, Sic, are also varieties of starch. Staidi 
is a white |)owder, which under the microscope is seen to 
coiiHiKt of very fine granules, each possessing a distinct 
structure. Starch is insoluble in cold water, but if 
boiled with water the granules swell and burst, and starch 
paste is obtained. By boiling for a length of time staicL 
is partly rendered soluble in water. Free iodine colours 
starch blue, a reaction which is not obtained with gum 
or tlie other substances of the same composition as 
starch. 

The starch contained in seeds undergoes a sort of fer- 
mentation during the germination of the seeds, by which 
it is convei'ted into dextrin and grape sugar, as shown in 
the following equation : — 

Starch. Dextrin. Dextrose. 

This is the change which takes place in the nnftH:iTig of 
barley. The barley is allowed to germinate up to a 
certain point, and the growth is then stopped by applying 
heat. If the malt be infused in warm water, a saccharine 
liquid is obtained, capable of being fermented. Dilute 
sulphuric acid acts upon starch so as to bring about a 
similar change. If starch be heated to 160% it is con- 
verted into dextrin. 

132. Dextrin, C^^HioOg, is obtained by heating starch 
to a temperature of 150" to 200°. It is largely prepared 
in this way, and is employed as a substitute for gum, 
under the name British gum. 

It is obtained, together with dextrose, by the action of 
an infusion of malt on starch, the change being brought 
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about by the influence of the peculiar ferment contained 
in malt, which has been called diastase. It is for this 
reason that distillers mix unmalted bai'ley with their 
malt in preparing the WOrt, which is to be fermented. 
An infusion is obtained which is as sweet as if the same 
weight of malt were employed, the starch in the un- 
malted barley being converted by the diastase of the 
malt into dextrin and dextrose. Dextrin is not turned 
bluo by iodine as starch is. 

183. Gum Arabic is an exudation from various species 
of acacia. 

184. Cellulose is the substance out of which the woody 
fibre of plants is constructed. It is contained in a nearly 
pure state in cotton wool. It has the same composition 
as gum and starch. It is insoluble in water, alcohol, and 
ether ; but dissolves in an ammoniacal solution of copper 
oxide. 

Cellulose is acted upon by nitric acid in a peculiar 
manner. If cotton wool or paper be soaked in strong 
nitric acid, and then washed in plenty of water, a sub- 
stance is obtained which has outwardly the same appear- 
ance as the original material, but which is very inflam- 
mable, being the substance known as gun-cotton, or gun- 
paper. It is cellulose in which three atoms of hydrogen 
have become displaced by three atoms of NOg, the radical 
of nitric acid, so that gun-cotton has the formula 
G^ELj(^0^2^5' Grun-cotton dissolves in ether, forming 
the substs^ce known as collodion^ which is employed in 
photography. 

136. Analytical Detection of the Organic Acids. — 

The following acids only are considered : — Hydrocyanic^ 
oxalic, tartaric, citric, and ascetic. 

. 136. Hydrocyanic Acid. — ^The alkaline cyanides are 
soluble in water, but are decomposed by acids, even by 
acetic, with liberation of gaseous hydrocyanic acid. Mer- 
curic cyanide, HgCyg, is soluble in water. Most of the 
other cyanides are insoluble. 

K to a solution of hydrocyanic acid^ or an alkaline 
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cyauiilo, caustic potash be added, and then a mixed solO' 
tioii of fori\niM and fenic salt, a greenish blue precipitate 
8('|mnit<'s ; and, on adding hydrochloric acid in excess, a 
pnvipitato of Prussian blue remains. 

If A tk^lution containing hydrocyanic acid be mixed 
^ ith a low dn>iis of yellow ammonium sulphate, and the 
iiiixturt' Ik« ovaiK^rat<*d at 100**, till the excess of anmio- 
iiiuui sulphato has been expelled ; then, on adding a dxcfj^ 
of ferric chlorido, a dwp ivd colouration of ferric sulj^ 
cyanido is obtaiuiHl. 

Silver ovanido is insoluble in diluted nitric acid. On 

« 

igtiition. it yields metallic silver. 

In oasi's Avhei^ the liquid suspected to contain hydro- 
oyauio acid is a complicated oi^ganic mixture, it may be 
distilliHl ^^'\Xh a dilute acid, and the distillate may be 
BubjtvtiMl to the above tests. 

137. Oxalic Add. — Oxalic acid and the oxalates of the 
fUkaliuo metals are soluble in water. Most of the other 
oxalati^ aiv insoluble in water, but soluble in dilute 
iU'iils. The oxalates are decomposed on ignition, the 
oxalate's of silver, copiHn\ itc., giving the metal, while the 
oxalates of U\i ium, calcium, &c,, yield the carbonates of 
tluvse metals, which on tivatment with dilute hydrochloric 
m^id etVervesv.*e, giving oil* ciu'bon dioxide. 

OxiUio acid or any oxalate is decomposed by boiling 
witli conetuitnvteii sulphuric acid, giving ofi carbon dioxide 
and otvrbon monoxide ; tlie gas bums at the mouth of the 
tt^st tul>e with a blue Htune. An oxalate is not decom- 
)H>soil by dilute sulphuric acid ; but if manganese dioxide 
bo added, an evolution of cai*bon dioxide taJ^es place— 

MiiO, + K^C,04 + 21IjS04 = KjS04 + MnS04 + 2H,0 4^ 2C0, 

Gilcium chlorido pix)duces, even in dilute solutions of 
oxalates, a white precipitate of calcium oxalate, insoluble 
in acetic acid, soluble in hydixxjhloric 

138. Tartaric Acid. — Tartaric acidandtartratesblacken 
on heating, evolving a characteristic smell resembling that 
of burnt 6ugai\ Hot sulx^hmic acid also decomposes the 
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tartrates, with separation of carbon. Calcium chloride 
gives a white precipitate in neutral solutions of the 
tartrates, which is soluble in acids. The precipitate also 
dissolves in cold caustic potash, and is reprecipitated on 
boiling the solution. 

139. Citric Acid. — Citric acid and citrates blacken on 
heating, giving a pungent smell diflferent from that 
obtained on heating tartaric acid. When boiled with 
sulphuric acid, blackening takes place only after long 
boiling. 

Calcium chloride produces in solutions of citrates (but 
not with free citric acid) a precipitate of calcium citrate, 
more insoluble in hot water than in cold, insoluble in 
caustic potash, but soluble in solution of ammoniimi 
chloride, and reprecipitated on boiling. 

140. Acetic Acid. — Most of the acetates are soluble in 
water. When an acetate is heated with sulphuric acid, 
acetic acid is given off, which may be recognized by its 
smell, but no blackening takes place. 

When an acetate is heated with sulphuric acid and 
alcohol, acetic ether is given off which possesses a charac- 
teristic smell. 

141. Detection of the Acids in a Mixture of their 
Sodium Salts. 

In testing for the organic acids it is necessary that the 
acids should be combined only with the alkaline metals. 
To get rid of the other metals sulphiuetted hydrogen must 
sometimes be passed through the solution ; but generally 
it is sufficient to boil the solution with a slight excess 
of sodium carbonate. The heavy metals are then pre- 
cipitated as carbonates, and the acids remain in solution 
as sodium salts. 

The solution should be neutral. To obtain this a slight 
excess of nitric acid may be added, and the solution may 
then be boiled to expel carbonic anhydride. Ammonia is 
then added in very slight excess, and the solution is once 
more boiled till neutral to test paper. If the original 
solution contained ammonium salts, it must be boiled with 
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when the odour characteristic of citric acid will be ob- 
served. 

The precipitate C may be decomposed by a slight excess 
of ammonium sulphide, the filtrate evaporated to dryness, 
and the residue dissolved in a drop of water ; then on 
adding ferric chloride, the characteristic red colouration 
will be obtained; or the precipitate may be decomposed 
by hydrochloric acid, and the filtrate subjected to the 
Prussian blue test. Lastly, acetic acid may be detected 
in the final precipitate by the odour of acetic ether ob- 
tained by distilling it with sulphuric acid and alcohol, 

142. Empirical and Rational Fonnulse. — The empiri- 
cal formula of a substance is the simplest formula which 
expresses its composition ; the rational formula seeks to 
express also the mode of formation of the substance, the 
decompositions which it undergoes, the specific gravity of 
its vapour, and its other physical properties. Thus, by 
distilling together acetic acid and alcohol we obtain a 
substance called acetic ether, whose empirical formula is 
CgH^O, but its mode of formation shows that this is not 
its true formula. The action by which it is obtained is 
represented by the equation — 

Alcohol. Acetic acid. Acetic ether. 



OH ) 

and the rational formula is therefore r^rr^Q \ 0, 



^4^8^2' 



CgHg. 
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1868. 

Instructions. 

You are only permitted to attempt eight questions. 
You may select these from any part of the paper. 

Whenever possible, you are to express the reactions in 
equations. 

You are to give such numerical details as will show the 
mode of calculation. 

Atomic weights to be used : — 



H 
O 
C 

N 



1 

16 
12 
14 



1. The formula of urea is CNgH^O, what is its per- 
centage composition ? 

12 : percentage of carbon. 

28 : percentage of nitrogen. 

4 : percentage of hydrogen. 

16 : percentage of oxygen. 



C 12 


60 : 


100 


Nn 28 


60 : 


: 100 


H4 4 


60 . 


: 100 


16 


60 


: 100 



60 
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Wli^nc^ we have — 

raH>«n, 2D'6i 

Nitr^srn, 4^-^ 

Hy«<r«H(fB a-fig 

Oty^pra, ^ 26^ 

100-00 

'2. Civt the formnla and penentage GompoHiiiaiL of 

Fon«?iIa of manih apw, CH^. 

Prrcfr.t^is?? comnosition foand as above — 

r*r*x>n. 75*00 

Hyarv^n^ 25-00 

100-00 

3. When a p<^w»>rful voltaic cmreiit passes between two 
pincTR of fCiw axrUm in an atmosphere of hydrogen, what 
chemiail tn^nsfonnation is effected I 

Tho carl>on an<l hydrogen combine to form the hydio* 
carlK>n acrfulr.ne. CM.j, 

4. 1 Tow can yon obtain acetic acid from alcobol 1 

See p. 70. Alcohol can be converted into acetic add 
by Bovfral different processes of oxidation : — 

a. Tlio alcohol may l)e oxidized by allowing it to drop 
filowly n)>oi) platinum black, so that the alcohol and the 
oxygen of the air come in contact in presence of the finely 
divided ])latinum. 

b. The alcohol may be oxidized by boiling it with 
chromic acid, or with a mixture of sulphuric acid and 
pofassiiim anhydro-chromate. 

c. Tlio alcohol may bo oxidized by exposing it to the 
ac(5tonH fermentation (as described in p. 71). In all 
those coses water is separated according to the equation — 

CaHgO 4- 20 = CjjH^Oa 4- H^O. 

5. What is the composition of the organic acid con- 
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tained in ants 1 Can you obtain this acid from any other 
source ] 

Formic acid, CHgOg. It may be also obtained by the 
oxidation of methyl alcohol, and by the decomposition of 
oxalic acid, as described at p. 50. 

6. Whence is methylic alcohol obtained, and how does 
it differ in composition from ethylic alcohol 1 • 

See p. 52. 

7. How can you detect hydrocyanic acid 1 
See p. 49. 

8. How is ether made, and what is its foraiula 1 
See i». 59. 

9. What happens when hydrochloric acid gas is passed 
into absolute alcohol ? 

Ethyl chloride or hydrochloiic ether is formed, accoixl 
ing to the equation — 

CaHgO + HCl = CaHeCl + Hfi. 

See p. 63. 

10. What is the formula of chloroform, and how would 
you obtain this body from ethylic alcohol 1 

CHCI3. It is prepared by distilling alcohol with 
bleaching ix)wder. See p. 44. 

11. How would you prepare olefiant gas 1 
See p. 32. 

12. What is the composition of the liquid foimed by 
the admixture of equal volumes of chloiine and olefiant 
gas] 

Butch liquid or ethylene dichloride, CgH^Cl^. 
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186a 

1. Wlien alooihol is bcnled with dipoiassic dichromate 
(l>iclin>mat4^ of potaRh) what acid product is obtained t 
Acetic acid, according to the eqnaticm — 

It niay W useful to indicate how such an equation is got 
at. We know that the oxidati<m of alcohol by which it 
is converted into acetic acid ii 



Cfi/> + 20 = H,0 + C^40, (a.) 

In this case the oxTgen is obtained from KjCrO^CiOj and 
SO^H^ which, when boiled together, give KjSO^.Cr^SO^ 
and lf/>. It is clear, then, that K^Or^O^ will require 
4H^O^ for decomposition, and will give off 30, aoooiding 
to the tHjuation — 

K,Cr,07 + 4H^4 = K^O^ + Cr^O^ + 4H,0 + 30 (6.) 

If now we multiply equation (a) all through by 3, and 
e<|uatiun {b) by 2, we sliall have the same quantity of 
oxygen in each case. Hence, we have simply to add 
to^'ther the two equations, and strike out the 60 from 
each side, when we obtain the equation already given. 

3. How would you estimate by analysis the percentage 
of carUui and hydi-ogeu in an oi^ganic body 1 
See p. 1 1. 

3. What is the empirical formula of a substance 
lK)HHeMHing the following i)ercentage composition : — 

Carl)on 40-00 

Hydrogen, 6*66 

Oxygon, 53-34 

100 00 
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To ascertain this, we must divide each number by the 
atomic weight of the element — 

C 4000 -^ 12 = 3-33 
H 6-66 -f 1 = 6-66 
O 63-34 -r IG = 3-33 

Since the numbers obtained for C and H are the same, 
and that for H just double, the simplest formula of the 
substance is CHgO, which is the answer required. The 
substance may be acetic acid, CgH^Og, or lactic acid 
CgHgOg, or methyl formiate, CHaOHOg, or grape-sugar^ 

4. Give the formula and percentage composition of 
common alcohol. 



Formula, CJS.qO. 

a 24 46 : 100 
Hf 6 46 : 100 
16 46 • 100 



24 : percentage of carbon. 
6 : percentage of hydrogen. 
16 : percentage of oxygen. 



46 

Whence — 

Carbon, 62-18 

Hydrogen, 1304 

Oxygen, 3478 

10000 

5. Under what circumstances does marsh gas occur in 
nature, and how can you prepare it artificially ] 

See p. 42. 

6. Give the symbolic and graphic formulae of the 
following compounds : — ^formic acid, acetic acid, oxalic 
acid, marsh gas, methyl, chloroform, ether. 

Name. Symbolic Formula. Graphic Formula. 

f H (°' 



Formic acid, | ^^^^ Mc>-(o)4} 

H 




.J 







i 






3^liivt, 



H 

3^^' :'r^^ -kT-i^-cs)^ 

r. 'Jt:-n^nj»B 'Jok yt^iptussaaa mt QRpBroes c£ tlie com- 
>-uiiii -'ttui'-'jii -cii'/i. 

^ ■'X/Oiie .'iisiTijoiiA .iii'i »asQir pocsaa are gircn to yon, 
iri>i v'jti AT*: >:t^aif»^I v aak? prrcssEc asad and oxalic 
>i:iii : !it^w Trijl viju ppx^ed • 

N<:ich^r 'yf xhjti ijafoltims proposed is capaUe of solution 
yv'ah 'jiily nhe ruaDt^ruLls givvo, bat tite answer expected is 
]}vAjiih[y t.his fuliowing. If the charco^ be mixed with 
tli<: cu:j,>tii.' poca^y and h^nited in a tube to redness, while 
nltnj^*iu gais b passed through the tube, potassium <^imide 
will be formed — 

2C + KHO + X = KCN+ CX) + a 
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If this potassium cyanide be distilled with a dilute acid, 
prussic acid will be obtained, as described on p. 48. 

By boiling prussic acid with caustic potash, potassium 
formiate will be formed, as mentioned p. 48. 

KHO + HON + H20=KCH02 + NHs. 

And by heating potassiimi formiate by itself it is con- 
verted into potassium oxalate, with evolution of hydrogen, 
(see p. 37.) — 

2KCH0j = 2H + KjCA- 

If this potassium oxalate be dissolved in water and 
solution of calcium chloride added, a precipitate of cal- 
cium oxalate will be obtained, which may be collected on 
a filter and washed. If then the precipitate be mixed 
with dilute sulphuric acid, and the clear liquid be poured 
off and evaporated, oxalic acid will crystallize out. 

9. Describe minutely how you would prepare ethylic 
iodide (iodide of ethyl). 

See p. 63. 

10. What is the formula of phenylic alcohol or carbolic 
acid, whence is it obtained, and to what useful purposes 
has it been applied ? 

H- 

OgHgHo, or 

Carbolic acid is obtained from the oil obtained as a 
by-product in the manufacture of coal gas — the heavy 
coal-tar oil. See p. 58. 

It is employed as a disinfectant and to prevent the 
decay of wood, and in the pure state in medicine. 

11. How are the monad positive radicals extracted 
from their iodides, and from the acids of the acetic series ] 

The monad positive radicals are extracted from their 
iodides by heating together with zinc in closed tubes. 
Thus, methyl iodide yields the radical methyl — 
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TheT Are obtained from the sudds of the acetic series 
filvxoic decoin(«j«iuQii. Thus, if a concentrated soln) 
«. t" Li.-Cktei'im dA>:Cate be subjected to electrolysis, the aci* 
tiiJtxiii^^cwd into cuxbon dioxide, livdrogen, and methyl- 

2C,H.O, = CO. + H, + (CH,),. 
Ijri Ii]ce ounnier bucvric acid yields propyl — 

aL\H.O, = CO, + U, + (C,H,)s. 
See p. 2S. 

12. What ia the composition of acetic ether, and how 
won!* I vuu pn*(Hure this substance t 
See jLso pi 70. 



187a 

I. Give the formula and percentage composition of 
f..>nnLc aoid and oxalic acid. 
Formic acid, CH^O^ 



12 4(5 : 100 
H^ 2 40 : too 
O. 32 46 : 100 



: 12 : percentage of carbon. 

2 : percentage of hydrogen. 
: 32 : percentage of oxygen. 



4i> 

Whence- 
Carbon 26-09 

Hvd^l.>L^•n, 4-35 

Oxygen, 69-66 

100-00 
Oxalic acid, CgH^O^. 

C, d* 90 : 100 :: 21 : percentage of carbon. 
H^ 3 90 : 100 :: 2 : peroentage of hydrogen. 
O4 64 90 : 100 :: 64 : pooentu^ <tf oxygen. 

90 
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Whence — 

Carbon, 26'66 

Hydrogen, 2*22 

Oxygen, 71*11 

100 00 

2. Give two distinct and different processes for the pre- 
paration of ethylene, showing all chemical changes by 
equations — 

(a.) From alcohol, by heating it with sulphuric acid, as 

described p. 32. 

aHgO = HgO + C2H4. 

(b.) From acetylene, CgHg, which is obtained by passing 
a powerful voltaic current between two pieces of gas 
carbon in an atmosphere of hydrogen; by acting on 
acetylene with nascent hydrogen (by bringing the pre- 
cipitate which acetylene produces in a solution of am- 
moniacal copper chloride, together with zinc and ammonia), 
ethylene is obtained — 

C2H2 + Hj = C2H4. 

3. What is the empirical formula of a substance which 
yields the following results on analysis ? 

Carbon, 20*00 

Hydrogen, 6*66 

Oxygen,...! 26*67 

Nitrogen 46*67 



100-00 

C 2000 T- 12 = 1*66 

H 6-66 -^ 1 = 6-66 

20*67 -r 16 = 1*66 

N 46-67 -r 14 = 3-33 



100 00 

The formula is clearly CH^ONg, which is the formula 
of urea, 

4. Give the graphic and symbolic formulse of the 
11 E H 
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following substances: — Pnissic acid, acetic acid, alcobol, 
methyl, and marsh gas — 

Name. Symbolic Formnla. Gripbic Formula. 

Acetic acid, \ 

Methyl, >see Question 6. 18G9. 

Marsh Gas, j 

H H 

H H 

5. What member of the alcohol family is found among 
the products of the destinictive distillation of wood; how 
can you exti-act it in a state of purity from wood naphtlia, 
and what is its graphic formula] 

Methyl alcohol — wood naphtha — is the crude methyl 
alcohol, from which the pure substance is best extracted 
by distilling the wood naphtha with sulphuric acid and 
potassium binoxalate, so as to obtain methyl oxalate, and 
then decomj)osing this by distilling it with water, as de- 
scribed p. 78. 

6. How can you detect the presence of nitrogen in an 
organic substance 1 

By the methods described pp. 15 and 16. 

7. You are requii-ed to make 1 oz. of lactic acid from 
milk; how will you do it? 

By allowing the milk to become sour, then adding ex- 
cess of zinc oxide, filtering, and evaporating, by which zinc 
lactate will be obtained. From the zinc lactate the acid 
is to be extracted, as described p. 78. 

8. Give the name and graphic formula of a member oJ 
each of the following families of organic compounds: — 
Alcohols, aldehydes, ethereal salts, ethers, and haloid 
ethers. 
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Alcohols. — Common alcohol, formula given above, 
Question 4. 

n 

Aldehydes. — ^Acetic aldehyde, H-(c)-H 

H 

0) ^oVIcVh 
Ethereal Salts.— Methyl acetate, X ^'TT 

H<c)-H H 

H 
Ethers. — Common ether, formula given above. Ques- 
tion 6, 1869. 

Haloid Ethers. — Methyl iodide, H-(c)-H 

H 

9. If a mixture of acetate of potash, caustic soda, and 
quicklime be heated to a temperature somewhat below 
redness, what gaseous product is obtained? Give its 
name and formula, and state where it is met with in 
nature. 

Marsh gas, or methyl hydride, CH^. 

In the gas which rises from the decomposing vegetable 
matter at the bottoms of marshes, and in the fire damp 
which collects in coal mines. 

10. You have given to you the following materials, and 
are required to make acetic acid ; state exactly what oper- 
ations you will perform, and explain all chemical changes 
by equations : — 

Etbylic iodide. Water. 

Sodic carbonate. Fotassic chromate. 

Quicklime. Sulphuric acid. 

The first operation is to prepare caustic soda, for which 
purpose a moderately dilute solution of the sodium car- 
bonate must be boHed with the lime, then the calcium 
carbonate allowed to settle, and the clear solution of 
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cAustio SHxla (U'caiUcil off and concentrated by evaporation. 
Tho dt\vin|HV4ition is represented by the equations — 

CaO + H,0 = Cit2H0 
l^kiHO + XxCO, = CaCOj + 2NaHo. 

Hio striMi^ i^wistio SixU sitlution is then distilled with the 
oihvl iv^ulo in a ivtort, Tho distillate contains alcohol— 

1\H*1 + N'aHo = Nal + CjHjHO. 

Tito disiillato is now acidulated with sulphuric add and 
iHMiiwl on the jtotassic chromate in another retort and 
dUulK>l iu^un. The distillate now contains acetic acid — 

4K,l^\ + 10H.Si\ + 3C,H«0 = SCjH^O, + 13H,0 + 

' 4Ks804 + 2Cr,3S04. 

To tho distiHato is now added sodium carbonate till car- 
\kmi du^xido \Vrtsos to Ih* evolved, the solution is evaporated 
to drvutv^ and tho drv iv&idue once more distilled with 
t\uuvj)t4^u<\l sulphuric acid, when acetic acid distils over. 
Tho ^Hpwtions an^ — 

ii\U/\ + Nftt^X^i = 2N»0ja,O3 + H,0 + CO, 
*JN»i\HA + Hs^^\ = Na,S04 + 2C,H40,. 

A\/»\-- S\ich a ijuostion as this should be avoided. It 
rtUTiOit oulv tho s^uuo number of marks as question 3, for 
tAiOupU\ although a iH^nvct answer to it is worth at least 
thiw times as uuich as a connect answer to No. 3. But 
what is nuuv imjH>i t;\nt is, that it is easily possible to secure 
full marks for auswoi's to Niw. 1 and 3, while in this ques- 
tiou tlu* chaiuvs aix^ givatly against obtaining full marks 
as thow aiv so many opportunities of making mistakes. 
I'ho eight quest-ioiis to l)C selected in this paper are obvi- 
ously Nos, 1, 2, 3, 4, 5, 8, 9, and 11. 

11. If an alkaline solution of potassic cyanide bo 
boiled, what decomposition takes place 1 

Potiisaium formiate is pixxiuced and ammonia is given 

oir— 

KCN + 2H,0 = NH3 + KCHOj. 
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12. If bitter almonds be macerated in warm water, 
what member of the aldehyde family is produced; and 
why is this aldehyde not formed when sweet are substituted 
for bitter almonds 1 

{cori 
-r. . . . . ^fi 5 

Benzoic aldehyde is not contained ready formed in bitter 

almonds, but is produced by a peculiar fermentation 
which takes place when the kernels are bruised in water. 
Bitteralmondscontain a substance called amygdaliriy which, 
under the action of the peculiar ferment--emttfem, also 
contained in the almonds — breaks up into benzoic alde- 
hyde, hydrocyanic acid, and sugar, as shown in the 
equation — 

C20H27NO11 + 2H2O = 2C6H1.A + C7H6O + HON. 
Amygdalm. Sugar. 

Amygdalin is not contained in sweet almonds, which 
therefore do not yield benzoic aldehyde. 
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Instructions. 



You are only permitted to attempt eight questions. 
Of these, two must be the first two on the paper, and if 
you are coming up under § XXXIX. of the Science 
Directory for a laboratory grant, you must attempt Ques 
tion 3. With these exceptions, you may select the 
Questions from any part of the paper. 

Atomic weights to be used : — 



H 


Z^ 


1 





t^^ 


16 


C 


"^^ 


12 


CI 


■:^ 


35-5 


N 


■^z 


14 


Pt 


^ 


197-4 
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I . T^ .«.TVK itrt {-c«f «r%siGa cf edbjlic cruiida 

S« J.. ^1. 

2 T:a iuTe pren w Toa some poiAib, dbaroofld, and 
ti;!r'hnir>: ^nuL ^Dd atf r«qured to pcefMie hTflrocyailic 
fc*: i : hj-r will T»]ia •!»> i: f 

S.t^ AZLfw^-er to Qoestion S of lS$d. 

3. Y*>a ZV6 t^}umd to a^alrxe a mixtoxe ccmtaming 
prvr.knic forn.iate« calcic oxalate, and hydiie potassic tar- 
tn>. lK::s:ril« bow yoa will identify tlie otganic acids 
pnr-A^nt in this mixture. 

I*T tr«Atiu«nt with water, tlie potassic formiate will be 
dL«AoIvcd. whilst the other two salts will remain bdiind. 
The 61trat^ ntav >je concentrated bj eraporationy and the 
formic acid recognised bj the fdQowii^ reactions : — (a.) 
If lioiU.d with concentrated snlphoric acid, carbooic 
oxi:le will }ie evolved, which will bom at the month of 
th'; ttiK-e with a blue flame. (6.) If boiled with a solation 
of t-ilvor nitrate, the silver will be reduced to the metallic 
stata Tlie ix'^niflue, containing the oxalate and tartrate, 
may V>e trcat<^l with a cold solution of caustic potash, 
which disfKjlves the hydric potassic tartrate, bnt leaves 
tljc; calcic oxalate. The tartaric acid in the filtrate may 
)Hi dctecttrrl by the charring and characteristic odour pro- 
c]tic(-<l by wniming with sul]>huric acid. The calcium 
oxii1at«5 l(?ft Iwliind may be recognized by the following 
two tf;MtM : — (a.) The production of calcium carbonate by 
ignition to n^ness ; (6.) The evolution of carbonic anhy- 
dride on treatment with a dilute acid and manganese 
dioxide. 

4. Ifow can oxatyl (oxalic acid) be converted into 
ry/inogijn, and vice versd ? 

My Haiti rating it with ammonia, so as to form ammo- 
iiintn ()xalat<!; and tlicn )>y heating this with phosphoric 
ponioxido, ho a« to abstract water from ii 

(mii).jC.,0^ = 4HaO + 2CN. 
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[Strictly, the decomposition would be effected in two 
stages — ammonium oxalate, heated by itself, loses water, 

and gives oocamide, < ^q/t^tt^x — 

and oxamide, heated with phosphoric anhydride, gives 
cyanogen — 

The opposite decomposition occurs when an aqueotiB 
solution of cyanogen gas is kept. It is found after a 
time to contain ammonium oxalate — 

C2N2 + 4H2O = C204(NH4),. 

5. What reaction occurs when ethylic cyanide is boiled 
with a solution of caustic potash 1 

Potassium propionate is formed, and ammonia given oS, 
according to the equation — 

C2H5CN + KHO + HjO = NHs + KOaHjO.. 

6. The double salt formed by hydrochlorate of mor- 
phine and platinic chloride, yields on ignition 20*14 per 
cent, of platinum. Calculate the molecular weight of 
morphine. 

This is a question on a subject distinctly not included 
in the syllabus, and which therefore ought not to have 
been proposed. The syllabus says nothing"^ either of the 
calculation of molecular formula, nor of the alkaloids ; 
and it is difficult to see how the candidate can be ex- 
pected to know what sort of formulce this double salt 
possesses. The answer, however, is as follows: — 
Morphia is a substance belonging to the alkaloids, which 
are substances containing nitrogen, and to some extent 
resembling ammonia in properties. They form salts 
with hydrochloric acid, which, like ammonium chloride, 
give precipitates with platinum chloride. These precipi- 
tates are decomposed on heating to redness, leaving bff- 



120 ORGANIC CH£1[ISTRV. 

hind nothing but platinum. Suppose we assign to such 
an alkaloid the formula C^H|,NcOd, then the formula of 
the hydrochloi-ate will be C^H^NcOdHCl, and that of 
the double salt (C,HbNeOdHCl)sPtCl4, corresponding to 
(NH3HCl)2PtCl4. K we calculate the molecular weight 
of the whole compound by the proportion 

2014 : 197-4 : : 100 : 

we obtain 980*1 as result. K now we subtract fix>m this 
the atomic weight of PtCl^ — y'iz., 339*4, and divide the 
remainder by 2, we obtain 320*35, which is the molecular 
weight of C.H^.OdHCL Subtracting from this 36*5, 
we obtain 283*85, which is the result required. The 
exact molecular weight of morphia is 285, as its formula 

7. Give the name and graphic formula of a member of 
each of the following families of organic cqmpounds : — 
Monad positive radicals, monad negative radicals, haloid 
ethers, and monobasic acids. 

Monad Positive Radicals. — Methyl, formula given, 
Question 6, 1869. 

Monad Negative Radicals. — Oxalic acid, formula 
given, Question 6, 1869. 

Haloid Ethers. — Methyl iodide, formula given, Question 
8, 1870. 

Monobasic Acids. — ^Formic acid, formula given. Ques- 
tion 6, 1869. 

8. What takes place when methylic alcohol is added 
to a boiling solution of red potassic chromate acidified 
with sulphuric acid 1 

Formic acid is obtained — 

2K2Cr207 + 8HaS04 + 3CH4O = 2KaS04 + 20,3804 

+ 3CH2O2 + llHjO. 

9. How is phenylic alcohol manufactured, and what 
are its propertiea and usea'i 
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See answer to Question 10, 1869. 

10. You have given to you the following materials, 
and are required to make methylic hydride or mai'sh gjus. 
State concisely what operations you will perform, and 
explain all chemical changes by equations : — 

Alcohol. Water. 

Sodic carbonate. Potassic chromate. 

Quicklime. Sulphuric acid. 

Sodium acetate would be prepared from the alcohol 
exactly as described in the answer to Question 10 of 1870. 
Then this would be heated to redness, with a mixture of 
lime and caustic soda (see p. 42) — 

NaCaHsOa + NaHO = NaaCOg + CH^. 

11. An organic compound yielded on analysis the fol- 
lowing results : — 

Carbon, 23*76 

Hydrogen, 6*94 

Chlorine, 70*30 

100*00 

Give the empirical formula of the compound. 

C 23*76^12 =1*98 
H 6*94 -^ 1 =6*94 
CI 70-30-r 35*5 = 1*98 

Formula required, CHgCl, or methyl chloride, 

12. How would you experimentally determine the per- 
centage of nitrogen in quinine 1 

By the method described, p. 15. 



ISS OBOAVIO CSKMI8TET, 



1873. 

Instructions. 

You aro only permitted to attempt eight qnestions. 
Of thcso, two must be the first two on the paper, and if 
you aixj coming up under Section XLTV. of the Science 
DiriH^toiy for an extra payment, you must attempt 
Quc^ion 3. With these exceptions, you may select the 
questions from any part of the paper. 

Atomic weights to be used — 







H = 
= 
= 

Cl = 


1 

16 
12 
35-5 




1. Describe 
etliyl. 
See p. 28. 


a process 


for the preparation 


of the radica 



2. Define an organic acid ; and state what acid is pro- 
duced when ethylio alcohol is boiled with a mixture of 
pobissic chromate and dilute sulphuric acid. 

All organic acid is a compound of one or more atoms 
of the group COHo, or oxatyl, with hydrogen or an 
organic radical, as — 

Formic acid, j g^^^ ; Acetic acid, j Sg- ^, &c. 

Acetic acid is produced by boiling ethyl alcohol with 
potassic chromate and sulphuric acid. 

3. You are required to prepare pure cyanogen, and to 
fill a small glass cylinder with it. Describe minutely how 
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you will do it ; make a sketch of the apparatus, and show 
the nature of the chemical reaction by an equation. 
See p. 35. 

4. Give the name and graphic formula of a member of 
each of the following families of organic compounds : — 
Monad radicals of the vinyl series, hydrides of the monad 
positive radicals, the alcohols and the aldehydes. 

H 




14 

Monad Radicals of the Vinyl .. /^r2s, /i 
Series.-Allyl, '.. ^-^V^ , , 

Hydrides of the Monad Positive Radicals.—' 

hydride. Question 6, 1869. 

Alcohols. — Common alcohol. Question 8, 1870. 
Aldehydes.— Acetic aldehyde. Question 8, 1870. 

5. Give tlie name and foimula of the volatile com- 
pound which is formed when ethylic iodide is digested 
with sodic ethylate. Show the reaction by an equation. 

Ether, c'h4 ^' 

6. What organic compound is formed by the prolonged 
action, at 100" C., of potassic hydrate upon carbonic oodde? 
Express the chemical change by an equation. 

Potassium formiate. 

CO + KHO = KCHOj. 

7. You have given to you the following materials, from 
which you are required to make lactic acid — 

Sugar. Zincic carbonate. Chalk. 

Tartaric acid. Water. Sulphuric acid. 

Decayed cheese. Milk. Ferrous sulphide. 

Describe the necessary processes. 
The process is described p. 77, 










.;i»»,'^irftiifc 
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ing. It may be further recognized by its blackening 
with sulphuric acid. The calcium oxalate is recognized 
hy evolving carbon dioxide when treated with a dilute 
acid and manganese dioxide. 

11. Describe the analytical process for tke determination 
of carbon and hydrogen in an organic compound. 

See p. 12. 

12. Give the formulae and percentage composition of 
cyanogen and benzol. 

Cyanogen, C^N^. 

C, 24 52 : 100 : : 24 : percentage of carbon. 
N, 28 52 : 100 : : 28 : percentage of nitrogen. 

52 

Whence — 

Carbon, 4615 

Nitrogen, 63*85 



100-00 
Benzol, CgH^. 

Ce 72 78 : 100 : : 72 : percentage of carbon. 
Ht 6 78 : 100 : : 6 : percentage of hydrogen. 

78 
Whence — 

Carbon 9231 

Hydrogen, 7*69 

10000 



EXERCISES. 



• 



1. Find the formulce of the substances possessing the 
following percentage composition : — 

(a.) Carbon, 29-02 

Hydrogen, 4*16 

Oxygen, 3980 

Zinc, 2703 

100-00 

(6.) Carbon, 6207 

Hydrogen, 10-34 

Oxygen 27*69 

10000 

(c.) Carbon, 25*52 

Hydrogen, 260 

Oxygen, 51 03 

Potassiurj, 2079 

100 00 

((?.) Carbon, ; 7742 

Hydrogen, 7*53 

Nitrogen 15*05 

10000 

(c.) Carbon, 6546 

Hydrogen 9*09 

Nitrogen, 25*45 

100 00 

2. Required the fonnulse of substances Avhich give the 
following results on analysis : — 

(a.) 0*414 gr. substance gave 0*396 gr. CO^, and 0102 gr. 
HjO. 
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(6.) 0-4107 gr. sobstonce gave 1-0369 gr. CO^. and 01818 sr. 

(c.) 0-370)2 gr. substance gave 0*5808 gr. CO^ and 0-2178 gr. 
H,0. 

3. A substance containing carbon, hydrogen, and 
oxygen yielded the following numbers on analysis. He- 
qiiin*d its formula — 

0'G02 gr. substance gave 0821 gr. CO^, and 0*42 gr. H,0. 
1 *29 gr. substance gave 2 '47 gr. AgCL 

4. 0*G8 of an organic base gave, on combustion, 1*76 
p\ COj, and 0792 gr. H^O ; 0*832 gr. of the platinum 
double salt left behind on heating to redness, 0*282 gr. 
metallic platinum. Find the formula of the base. 

r>. Mild the vapour density (in reference to hydrogen) 
of a sub»t:ince from the following data: — 

Weight of balloon and air, 17'3056gr. 

Weight of balloon and vapour, 17 '3977 gr. 

Temperature of weighing, 15° C. 

Barometer, 755. 

Temperature at sealing, 150° 0. 

CSapacity of balloon, 125 c.c. 

G. Find the rational formula of a liquid from the fol- 
lowing data : — 

(a.) Analysis — 

0-461 gr. gave 1094 COj and 0*554 gr. HjO. 

(b.) Dotennination of vapour density — 

Weight of globe and air at 16" C 20-2578 gr. 

„ „ tilled with vapour at 167°, 20*4100 gr. 
Capacity of globe, 171 '5 c.c. 

(c.) On oxidation it yielded an acid, the silver salt of 
wliich was analysed — 

222 gr. left, on ignition, 0*1230 gr. metallic silver. 

Z Meqiiived the formula o£ a svx\)s\.aTLQ^ y^^vk\w« tha 
following analytical results : — 
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0*221 gr. heated with lime gave 0*215 gr. AgCl. 

0*337 gr. on combustion gave 0*794 gr. COj and 355 gr. HjO. 

8. Required the formula of an organic iodide, which 
yielded on analysis the following data : — 

(a.) 0*3060 gr. gave 0*2412 gr. CO2 and 01134 gr. HjO. 
(6.) 0*3162 gr. gave 0*4434 gr. Agl. 

9. A saturated hydrocarbon, which contained 83*93 per 
cent, of C and 16*13 per cent, of H, gave the following 
numbers : — 

Balloon and air at IV C 40*7955. 

Balloon and vapour, 41*0960. 

Temp, of sealinff, 173" 0. 

Capacity of balloon, 189c.c. 

Required the formula of the substance. 

10. Find the formula of an acid, the silver salt of 
which contains — 

Carbon, 13*79 

Hydrogen, 1*15 

Oxygen, 18*39 

Silver oxide, 66*67 

100*00 

11. Find the formula of strychnine from the following 
analysis of its hydrochlorate — 

Carbon, 68*02 

Hydrogen 6*21 

Nitrogen, 7*56 

Oxygen, 8*64 

Chlorine, 9*67 

100*00 

12. What is the formula of a substance which gave the 
following results on analysis ? 

0154 gr. gave 0*308 gr. COj and 0*126 gr. HjO. 

On oxidation it yielded an acid, the silver salt of whick 
contained 64-68 per cent, of silver, 
11 E ^ 1 
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ANSWERS. 

1. (a.) Zino lactate, Zn2CJlfi^ 
h,) Butyric ether, CjHQO. 
\e,) Potassium hydrogen tartratei KHG^H.O^ 
(d.) Aniline, C-H^N. 
' ' Ethyl cyamde, C3H5N. 

0H.O., formic acid. 

G7ILO1J, benzoic acid, 
«.) C,8HjjO,p sugar. 
^^H^Cl, ethyl chloride. 

4. O.H,,N, piperidine. 

5. 35. 

6. C^Hj^O, butyl alcohol. 

7. CgHijCl, octyl chlorida 

8. C3H7I, propyl iodide. 

9. C;H^^ heptyl hydiido, 

10. O^HqO., midic add. 

11. O^HjjNjOj, strychnine. 

12. CglT^O, aldehyde. 
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